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THE VEGETATION OF THE FORT WORTH PRAIRIE 


INTRODUCTION 


The Fort Worth Prairie of northern Texas is an 
extensive part of the midcontinental grassland that 
has received little attention in ecologieal literature. 
This prairie, the northern portion of the physio- 
graphic unit known as the Grand Prairie, extends 
as a continuous body of open grassland, approxi- 
mately 10 to 30 miles wide, from its northern limit 
near the Red River (Texas-Oklahoma state line), 
due south about 110 miles to the wooded area along 
the Brazos River. The city of Fort Worth is situated 
at its eastern edge 40 miles from the southern limit. 
Throughout its length the prairie is sharply bounded 
on the east and west by the Eastern and Western 
Cross Timbers which are belts of oak-hickory forest. 
These oceur on light-colored sandy soils which eon- 
trast sharply with the dark caleareous clays of the 
prairie (Fig. 1). 

Though some large sections at the eastern border 
are in cultivation the greater part is evidently des- 
tined to remain permanently as native grassland. 
As range land it may be compared favorably with 
such famous native-range areas as the Osage eoun- 
try of Oklahoma and the Flint Hills of Kansas. 

Within its boundaries the grazing capacity of dif- 
ferent ranches varies widely even though soils may 
be comparable. These differences are known to be 
associated with differences in plant cover that are 
in turn largely associated with differences in past 
rates and seasons of grazing. In general, retrogres- 
sion of plant communities is accompanied by reduc- 
tion in grazing capacity and succession is aeccom- 
panied by inerease in grazing capacity. In both 
eases knowledge of the changes that take place in 
the composition of the plant cover is basie to range 
management. 

The prairie has been ineluded in several broad 
classifications of North American vegetation. Merriam 
(1898) placed it in his Austroriparian or Humid 
Division of the Lower Austral Zone. Bailey (1905) 
refined the same classification and described the 
fauna, including information on natural vegetation. 
Harshberger (1911) apparently intended to place it 
in his Praivie-Great Plains Region though the inade- 
quate base maps of his time make this uneertain. 
Livingston and Shreve (1921) ineluded it in their 
Grassland-Deeciduous Forest Transition Area. Shantz 
and Zon (1924) inelude it in their Tall Grass (Prairie 
Grassland) delineation. Shelford et al. (1926) placed 
it as Oak Savanna. Weaver and Clements (1938) 
include it in the Coastal Prairie Association as do 
also Clements and Shelford (1939). The foregoing 
differences are largely the results of “lumping” 
heterogeneous elements as is necessary in mapping 
broad areas. Partly they result from designating the 
same concept by different names. Different classifi- 
cations are due in part to real differences in eoncepts 
coneerning natural units of vegetation. 


Exclusive of broad classifications a number of 
other eeologieal investigations should be mentioned 


because of proximity. These include the works of 
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Fic. 1. Map showing location and contacts of the 
Fort Worth Prairie. The boundary is stippled. The 
arrows show cross-country transects. Between them 


may be seen a roughly rectangular tract used in study 
of the late subsere. Other locations studied intensively 
are shown by a diamond symbol. 
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Bray (1901, 1906) primarily to the south and west 
but with some early observations on the Blackland 
Prairies. They also include studies of the relations 
between edaphie factors and plant communities 
through wide differences in climate by McBryde 
(1933) to the east and south; and the treatment 
of the vegetation of Oklahoma by Bruner (1931) 
to the north. 

Tharp (1926) provided the earliest comprehensive 
ecological. deseription of the vegetation of eastern 
Texas. His research included all Texas vegetation 
east of the 98th meridian and in this extensive work 
the Grand Prairie was not given separate treatment 
from the Black Prairie. The latter is a natural 
physiographie unit lying east rather than west of 
the Eastern Cross Timbers and is largely devoted 
to cultivated crops. He designated the whole as 
the Andropogon-Stipa Association and listed the fol- 
lowing as dominants: “Agropyron smithii Rydb., 
Andropogon saccharoides var. laguroides, Andropo- 
gon scoparius Mx., Stipa leucotricha Trin., and 
Triodia pilosa (. . .) Merr.” In this same year 
Clements and Tharp (1926) had briefly described 
this association naming it the Coastal Prairie Asso- 
ciation. Bruner (1931) mapped the area adjoining 
the Fort Worth Prairie on the north, in Oklahoma, as 
oak-hickory savanna but showed the True Prairie 
Association as extending from the north, to the Red 
River just off the northwest limit of the Fort 
Worth Prairie. He points out that in Oklahoma the 
True Prairie is characterized by the Andropogon 
scoparius consociation. 

The present research, extending over the period 
1939-1944, deals with the quantitative relations be- 
tween the principal species under various influences 
of the environment. The principal species and their 
percentages of coverage over the broad area were 
first determined. This provided a base from which 
to observe and evaluate deviations. Deviations that 
were found to be important and recurring included 
those associated with history of use, relief, and time 
of year. 

The writer wishes to acknowledge his indebtedness 
to Dr. J. E. Weaver, professor of plant ecology at 
the University of Nebraska, for helpful suggestions 
during the progress of the study and in the presen- 
tation of its results. 


HISTORICAL RESUME 


Present-day vegetation is so much a product of 
the use it has received since settlement that the best 
history that can be pieced together is still usually in- 
adequate for proper evaluation of its influence. De- 
scriptions of the land and vegetation made prior to 
settlement are of immeasurable assistance. 

PRE-SETTLEMENT ERA 

Kroeber (1939) shows this area as having been 
occupied in pre-Caucasian times by Indians of the 
Caddoan cultural group. His map indicates that the 


Wichita, Kichai, and Waco tribes occupied portions 
of this prairie from north to south, respectively. 
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The Caddo group is regarded as having been more 
similar to forest Indians than to plains 
Indians. Agriculture played an important part in 
their economy though grass houses were used pre- 
dominantly. Kroeber accepts an estimated popula- 
tion density of one Indian per 5,000 acres in times 
prior to any Caueasian influence. This estimate of 
Indian population is not greatly different from that 
for the prairies to the north. Estimates of big 
game populations of this specific prairie are appar- 
ently lacking, but were, no doubt, also comparable 
with those for the prairies to the north. 

Hackett (1931, 1936, 1941) in translating Pichar- 
do’s monumental treatise provides early maps that 
indicate Coronado and 29 of his horsemen may have 
traversed the length of this prairie in the spring 
of 1541. However, Kroeber (1939) points out that 
strong Spanish and French influence on the Caddoan 
Indians did not begin until near 1700. 

Haines (1938) provides evidence that wild horses 
probably did not become a factor to be reckoned 
with until near 1750. Kroeber (1939) shows that by 
1800 plains Indians with horses had invaded this 
prairie and greatly modified the pre-Caueasian pic- 
ture. The peak of this influence, which no doubt 
greatly modified game population and vegetation, is 
reported to have occurred sometime prior to 1850. 

The earliest discovered diary of a traveler who 
was without question within the boundaries and re- 
ferring to this prairie, is dated 1841. In July 1841 
Kendall (1845) wrote that after crossing the Brazos 
River and continuing northward, “Our next day’s 
march was along the high-ridge of prairies which 
divides the waters of what was thought to be Noland’s 
River from those of the Brazos. The prospect on 
both sides was romantic in a high degree. To the 
east, for miles, the prairie gently sloped, hardly pre- 
senting a bush to relieve the eve. In the distance, 
the green skirting of woods, which fringed either 
border of a large stream, softened down the view. 
Occasionally a deer would jump suddenly from his 
noonday rest, and seamper off across the prairie, 
but other than this no game was seen. The few deer 
we saw were exceedingly wild, from the fact of there 
being so many Indians in the vicinity; while the 
buffalo had evidently all been driven to the south. 
To the west the Comanche Peak, rising high 
above the other hills, gave grandeur and sublimity 
to a scene which would otherwise have been far from 
monotonous.” 

Lindheimer (1846) refers to expeditions up the 
Trinity River into northeast Texas prior to 1846 by 
the botanist Dr. J. L. Riddell of New Orleans. Un- 
fortunately, a search has failed to produce any evi- 
denee that Dr. Riddell left a deseription of the 
eountry. 

The advance of settlement in this part of Texas 
was from east to west and Whiting (1850) provides 
excellent evidence that the prairie, though searecely 
influenced by settlers prior to 1850, was being settled 
at that time. He also clearly differentiates the East- 
ern Timbers, bottomland forests, and the 
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prairie. Whiting, in his report concerning frontier 
forts, states “. . . Fifty-four miles above Fort 
Graham, in nearly a north direction, at the junction 
of the Clear and West forks of the Trinity River, is 
Fort Worth. An exeellent road, skirting the western 
edge of the Lower Cross Timbers, is already made 
between the posts. The latter is the most northerly 
of the ehain, and is the most objectionable in its 
position. The Trinity, a rapid stream, to which be- 
long many tributaries, is subject to very sudden 
rises. Unlike the rivers to the southwest, its valley 
is a level flat, between which and the Great Prairie 
there is but one deseent. From two to three miles 
wide and covered with a dense growth of trees and 
underwood, this is by the freshets converted into 
soft mud; and when the water subsides, it leaves 
to the sun a mass of rotted vegetable matter and 
half-dried mud, whenee the constant sickness in the 
country is engendered. Fever and prevail 
through the whole year, and the troops have suffered 
from it very much. The timber which exists at all 
westward of the ‘Cross Timbers’ is only found in 
these valleys of the streams, and there it is im- 
possible to live. The garrison is therefore foreed to 
the high plain, exposed all winter to the northers 
and sleets of the eountry, and in summer to seoreh- 
ing heats. 

“.. The route between Fort Worth and the Red 
River is already practicable, and skirts the western 
edge of the Cross Timbers for about eighty miles. 
After crossing Hickory ereek, thirty miles from the 
post, the houses of squatters are to be seen at short 
intervals all along the road, as far as the little village 
of Preston, in Coffee’s bend. The distance between 
Fort Washita and Fort Worth is one hundred and 
twenty miles, and entirely too great for their small 
garrisons to scout over effectually. . . .” 

Several expeditions near 1850 by Capt. R. J. 
Marey skirted or the north end of this 
prairie but diaries of the expeditions deal primarily 
with vegetation to the west. Winkler (1915), who 
has reviewed the history of the botany of Texas 
prior to 1915, mentions only Marey’s expedition of 
1852 as a souree of plant collections on the head- 
waters of the Trinity. These were reported upon by 
Torrey (1853). This report and similar reports 
contain lists of species, but unfortunately, only very 
general notations on habitats of the specimens. The 
place of collection is commonly given as “Head- 
waters of the Trinity.” 

In May of 1854 Pope (1854) traversed the north 
end of the prairie. He did not distinguish between 
the prairie and the Eastern and Western Cross Tim- 
bers. He states “. but by far the richest and 
most beautiful district of country I have ever seen, 
in Texas or elsewhere, is that watered by the Trinity 
and its tributaries. Occupying east and west a belt 
of one hundred miles in width, with about equal quan- 
tities of prairie and timber, intersected by numer- 
ous clear, fresh streams and countless springs, with 
a gently undulating surface of prairie and oak open- 
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a country in the highest state of cultivation, and you 
are startled at the summit of each swell of the 
prairie with a prospect of groves, parks, and forests, 
with intervening plains of luxuriant grass, over which 
the eve in vain wanders in search of the white vil- 
lage or the stately house, which seem alone wanting 
to the seene. 

“The delusion was so perfect, and the recurrence 
of these charming views so constant, that every swell 
of the ground elicited from the party renewed ex- 
pressions of surprise and admiration. 

“Tt may seem strange that a region suggestive of 
such florid deseription should still remain so nearly 
uninhabited; but it must be remembered that this 
part of Texas is yet but partially explored, that it 
is far from the markets, and that it is still infested 
by bands of hostile Indians.” The botanical collee- 
tions of the expedition were reported upon by Torrey 
and Gray but evidently all collections were made 
west of here. 

Parker (1856) entered the prairie from the north 
near the first of July in 1854. His comments eon- 
cerning the abrupt cessation of blossoming near the 
first of July are noteworthy because they correspond 
with present-day observations and indicate that de- 
spite vast changes in the vegetation the soil drought 
of July and August struck then as well as now. He 
remarks about the profusion of wild flowers on the 
prairie near mid-June but by July 3 he states “A 
few were still left but they had lost the charm of 
profusion and luxurianee. It was to be sure getting 
late in the season. . . . I found no new varieties to 
add to those already collected and deseribed, except 
a convolvulus, and a species of lauristinus.” 

Greer (1935) has deseribed the period 1850-1890 
on the Grand Prairie. With reference to the part 
near the Brazos River he states: “I was a happy 
boy in the springtime as I looked out or rode across 
the indescribably beautiful prairie where lush grass 
swept my mount’s sides... . 

“We were in the southeastern portion of the tall 
area which extended from southern Texas to 
Canada with the best growth probably to be found 
in Kansas. In our immediate section, the blue- 
stem or sod type of prairie grass was the most 
luxuriant in growth.” 

The foregoing and still other accounts dwell upon 
the abundance and beauty of wild flowers in the 
virgin prairie. All make fascinating reading ma- 
terial. However, all that have been located thus 
far provide only a general picture of the dominant 


grasses. 


race 
grass 


Post-SETTLEMENT 

After 1860 cattle grazing beeame overwhelmingly 
the dominant influence upon the vegetation and for 
records of numbers and events after this date the 
work of Johnson (1933) has been most useful in 
deriving a chronology. The frontier of the raneh- 
ing industry progressing from east to west had 
reached the west edge of the Fort Worth Prairie’ by 
1860. That is, settlement swept across this prairie 
in the single deeade of 1850 to 1860. 
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Both the famous Chisholm and Shawnee cattle midity, decrease in both average daily maximum and 


trails, to markets in the north, traversed the prairie 
for at least part of the period of the trail herds 
between 1866 and 1885. The peak of numbers pass- 
ing over these trails was reached in 1871. 

Between 1870 and 1880 the population density of 
the prairie increased 3 to 4 fold. Real settlement 
which began in the 1870’s had leveled off by 1900, and 
has declined some since. 

Barbed wire became generally available in the 
1870’s and by 1883 most progressive ranchers and 
most farmers had fenced with barbed wire. This 
was the vear of a very severe drought and malicious 
fence-cutting became general, not only to obtain 
additional forage but in protest against the loss of 
free range. In 1884 the last trail herd went by 
Fort Worth and by 1885 free grass was a thing of 
the past. The years of 1887, 1888, and 1889 are gen- 
erally reported as bad years with ranges overstocked, 
grass searee, prices low and prairie fires a constant 
threat.. The best prairie land had only recently been 
plowed up for cotton production. Thus the evidence 
indicates that the prairie generally was subjected to 
its first severe overstocking in the late 1880's. 

Since past intensities of grazing use by domestic 
livestock are responsible for major changes in com- 
position of the original vegetation, and in its graz- 
ing capacity, a rather thorough study has been made 
of stocking rates. Johnson’s maps (1933), data ob- 
tained by Smith (1899), and unpublished sources of 
information have been used to derive the following 
estimates of numbers of acres of range land pro- 
vided per mature cow for 12 months, or equivalent, at 
different dates during the history of grazing. The 
estimates are: In 1860, 20 acres; in 1880, 9 acres; 
in 1890, 7 acres; in 1900, 9 aeres; in 1930, 11 acres. 
The 7 acres provided in 1890 are not comparable to 7 
acres of an earlier period because by that time the 
most highly productive range land had been placed in 
cultivation. These data show the peak in stocking 
rates to have been reached near 1890. It was evi- 
dently as recently as this that general overstocking 
first resulted in foreed reductions in numbers. No 
doubt this occurred here as elsewhere only after the 
composition and productive capabilities of the vege- 
tation had deteriorated greatly. 


DESCRIPTION OF THE AREA 


Curmatic ConpDITIONS 

Isohyets as mapped by the U. S. Weather Bureau 
show the average annual precipitation to be approxi- 
mately 32 inches for the entire area. Of this total, 
between 4 and 5 inches normally fall in April and 
May, respectively. These are normally the months 
of maximum precipitation. The months of minimum 
precipitation are December through February. 
January is the coldest month. July and August are 
characterized by the lowest average relative humidi- 
ties of the year, the highest percentages of possible 
sunshine, and the highest temperatures. September 
is characterized by abrupt increase in relative hu- 


minimum temperatures, and the lowest average hour- 
ly wind velocity of the year. 

Average annual snowfall is about 4 inches in the 
northern and 2 inches in the southern extremity. A 
snow cover of an inch or more is found, on the aver- 
age, than 10 days annually. Average frost 
penetration ranges from 6 inches at the northern to 
3 inches at the southern extremity. The growing 
season extends from March to November. However, 
killing frosts have oceurred early in April and late 
in October. 


less 


GroLocy, RELIEF, AND SoILs 

Hill (1901) in his monumental “Geography and 
Geology of the Black and Grand Prairies, Texas” 
points out that “although often confounded with 
the Black Prairie, the Grand Prairie differs from 
it in many minor physical features. In general the 
surfaces are flat rather than undulating, and the 
valley slopes are angular (searped or terraced) 
rather than rounded. The residual soils and regolith 
are shallow in comparison with those of the Black 
Prairie belts, and are of chocolate or brown colors 


instead of black... .” The chief difference he found 
to be the underlying limestones. He states “. . . in 
distinction, the Grand Prairie country has _ been 


appropriately called ‘the hard lime-rock country.’ ” 

“In general the surface of the Grand Prairie, 
especially north of the Brazos, is composed of gently 
sloping, almost level, and usually treeless dip plains, 
broken only by the valleys of the transeeting drain- 
age.” He also states that the underlying rocks of 
this Texas Cretaceous belt apparently have a con- 
tinuous monoclinal dip toward the coast. On the 
Fort Worth Prairie this dip is about 25 feet to the 
mile. The strike parallels the boundaries of the 
prairie. He recognized 3 subdivisions in the Grand 
Prairie between the Brazos and the Red Rivers. He 
found them different in natural aspects as well as 
in underlying geologic formations. These he called 
the Gainesville Prairie, the Bosqueville Prairie and 
the Fort Worth Prairie. From these he selected the 
Fort Worth Prairie as the type of all subdivisions 
because it was the most representative and easily 
the most extensive. He states that this prairie region 
is best seen around Fort Worth in the western half 
of Tarrant County. 

The studies have largely been made in the western 
half of Tarrant County because the vegetation there 
appeared most typical of the prairie generally to- 
day, just as it evidently did 45 years ago (Fig. 2). 

Sellards, Adkins, and Plummer (1932) have de- 
scribed the stratigraphy of Texas. According to 
their classification of outcrop areas the Fort Worth 
Prairie as considered here includes the Washita and 
Fredericksburg groups of Cretaceous strata (Coman- 
che or lower Cretaceous series) in: the Northeast 
Texas region. The Fort Worth formation is within 
the Washita group. However, the several formations 
in both groups have much in common insofar as 
surface relief and the soil mantle developed upon 
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Fie. 2. 
rezia dracunculoides), the principal annual invader, as it appears in October. 
between a ridgetop and hillside. 


them, is concerned. This has been ably described by 
Winton and Adkins (1919). They state “The Grand 
Prairie has a surface which is varied corresponding 
to the diverse groups of rock strata underlying it. 
The columnar section indicates roughly a series of 
limestone layers alternating with marl members. The 
limestones weather out as upland surfaces which are 
more or less flat, except for the effects of erosion, 
while the softer marl groups break down more readily 
under weathering and are exposed as slopes connect- 
ing the levels of the limestones above and_ below. 
This produces a terrace effect which is one of the 
features of the region.” 

In this paper the terraces will be referred to as 
benches while the connecting slopes will be referred 
to as hillsides, and the uppermost levels will be 
referred to as hilltops or ridgetops (Fig. 3). 

Aerial photographs for much of the area show a 
striking arrangement of wavy, concentric, lighter and 
darker circular bands surrounding flat-topped hills or 
ridges. These belts are of approximately equal ele- 
vation and from 10 to several hundred feet in width. 
Their relation to the geology of the region is evident. 
They are associated on the ground with differences 
in the density and composition of the grassland ¢or- 
responding in turn with differences ‘in the depth and 
properties of the soiis covering the successive step- 
like layers of almost horizontal underlying limestones. 


General view of a typical portion of upland prairie. The prominent forb is ‘‘broomweed’’ (Gutier- 


The foreground is on a_ break 


The soil surface, however, makes continuous sloping 
surfaces of varying gradient. The underlying lime- 
stone is seldom exposed except at the margins of 
valleys. In such situations live oak and other trees 
and shrubs are likely to be encountered although 
they make but little growth. The major drainages 
have cut rather deep valleys often with steep walls, 
and the alluvium as well as terrace soils associated 
with these generally eastward flowing streams sup- 
port narrow bands of forest connecting the Eastern 
and Western Cross Timbers. The wooded aspect of 
portions of the city of Fort Worth, even though situ- 
ated in the prairie, is due to location upon soils de- 
rived from ancient terraces of coarse materials that 
are today high above the Trinity River with its flood 
plain forest. 

The soils of the Fort Worth Prairie are of par- 
ticular interest because they do not belong to one 
of the great zonal groups of grassland soils such as 
Prairie or Chernozem. The principal soils are intra- 
zonal Rendzinas with immature profiles resting upon 
soft limestone parent materials. These ecaleareous 
elavs have the dark color and high organie content 
characteristic of the prairie generally but are not 
leached and cluviated to a degree where differentia- 
tion of normal horizons is possible. Typical soil series 
inelude Denton, Sen Saba, and Breekett. The pro- 
files romaining under grass vegetation are commonly 
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Fic. 3. View of a slope showing banding of vegetation in consequence of difference in depth of soil over 
the underlying horizontal limestones. The narrow natural terraces or benches are shown by darker vegetation. 


mapped as shallow phase, gravelly phase, or stony 
phase of one of the Rendzina types and oceupy most 
of the western portion of the prairie while the deep 
phase soils oceur primarily along the eastern side 
and are generally cultivated. Although according to 
common usage of the term, the soils must be classed 
as immature, they none the less represent a relatively 
stable condition in the process of soil development. 
For this reason it is probably justifiable in this ease 
to regard undisturbed vegetation as in adjustment 
with the climate and the soil, while admitting serious 
limitations in our knowledge of the reasons, for the 
almost universal oceurrence of grassland on Rend- 
zina soils even though these be situated deep in a 
forest climate rather than near the margin as is the 
ease for the Fort Worth Prairie (Fig. 4). 


Biotic CoNDITIONS 


Of biotic influences the grazing of livestock is the 
most important. Cattle grazing predominates with 
sheep and goat grazing of only minor importance. 
The present stocking rate is approximately 1 acre 
per month for each mature animal though as little 
as two-thirds acre per month is not uncommon on 
the best pastures. This refers to cattle dependent 
solely on range and receiving no supplements. The 
season of use varies from ranch to ranch, or by pas- 
tures within a single ranch. On some pastures where 
the percnnial grasses have largely been replaced by 
annuals the season of heaviest use is aimed at utili- 
zation of these annuals while they are most palatable. 
On pastures having considerable amounts of the more 
desirable perennial grasses, the season may be from 
April to November; or yearlong with supplemental 


feeding during the winter. Ordinarily, winter annuals - 
begin to produce considerable pasturage in March. 
In some years they make important contributions to 
pasturage in midwinter. 

Another common type of management, used for 
steer herds brought from a distance, employs the 
season from approximately October to July. The 
steers are marketed in late spring or summer, and 
the range is then ungrazed until fall, when new herds 
are shipped in from the south and west. All of the 
foregoing types of seasonal use undoubtedly have 
their special influence in determining the composition 
of the vegetation. Each handicaps certain species 
while favoring others, depending upon relative palat- 
ability of species growing during the season of use, 
as well as upon seasonal growth and development 
characteristies of species within the pasture. 

Another significant factor is the common practice 
of feeding cottonseed cake (or other protein econcen- 
trates) to eattle during periods in whieh vegetation 
is not abundant, or when the bulk of the forage is 
not green. This practice makes possible the utiliza- 
tion of otherwise unpalatable species, as well as dry 
forage. To a marked degree, it has the effect of 
changing the grazing animal from a highly selective 
feeder to an indiseriminate one, particularly when 
forage is searce. Consequently some pastures where 
cottonseed cake has been fed may look almost as if 
machine-mowed. This condition is never obtained 
without the use of cottonseed cake, because eattle will 
discriminate against certain species or the dried re- 
mains of certain species until they have lost eon- 
siderably in weight. The implication of feeding cot- 


tonseed eake, as far as ecologieal succession is eon- 
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Fig. 4. 
horizontal limestones. 


A typical shallow-Rendzina soil profile. 


it was dry. 
very granular. 
the trench. 


Free lime oceurs throughout. 


The 


From left to right they are: Gutierrezia dracunculoides, 


feet. It rests upon the second layer of 


contained 


is in 
Material between the first and second layers is principally yellowish marl. It 
about 12 root channels per square inch of surface and was moist when exposed in July whereas the soil above 
The soil above the upper layer of limestones is ramified by countless roots, is dark in color and 


seale 


The clothespins indicate plant species that oceurred at the end of 


Ceanothus ovatus, Salviastrum texanum, 


Thelesperma trifidum, Buchloe dactyloides, Bouteloua curtipendula, and Aristida purpurea, 


cerned, is that the species normally unpalatable to 
domestie livestock are not given as great an oppor- 
tunity to propagate as they have otherwise. Indireet- 
ly, it has the effect of making possible a severity of 
overgrazing which would not otherwise he reached 
without serious losses in weight of livestock. 

Intentional burning of grassland is practically un- 
known and fires originating accidentally are soon 
brought under control. This is in marked contrast 
to several other extensive bodies of tall and mid- 
grass range where winter or spring burning is rather 
commonly practiced in order to provide earlier or 
more nutritious pasturage. 

Hay making is primarily from the introduced and 
widely escaped Johnsongrass (Sorghum halepense) 
which oceupies only the moister situations. Fields 
found submarginal for production of other culti- 
vated crops are commonly retained in cultivation for 
production of Johnsongrass hay or pasturage. Native 
meadows are infrequent and are usually found on 
farms in places obviously unsuited for cultivation. 
A few ranchers cut surplus native grass, from deep 


soils within range pastures, for hay. Native mea- 
dows are normally cut but onee a year and this in 
July. Yields are commonly stated as being between 
1 and 2 tons per acre. 

It is noteworthy that land now in native vegetation 
contains very little acreage that was once cultivated 
and then abandoned, that is, “turned back to grass.” 
Furthermore, very little new land has gone into eul- 
tivation during the past several decades. This is 
despite the faet that some rather large bodies of rela- 
tively deep soils remain unbroken within the bound- 
aries of the larger ranches. Their production of 
beef under native tall and mid grasses probably ex- 
ceeds over a long period the production possible with 
cultivated erops. 

Agriculture and type-of-farming areas in Texas 
have been described by Bonnen and Thibodeaux 
(1937). They show the importance of ranching as 
well as of several cultivated crops, particularly small 
grain and cotton. They differentiate the Fort Worth 
Prairie by the fact that wheat and oats are of about 
cqual importance in the cropping system. 





10 E. J. DyKsTERHUIS 


COMPOSITION OF THE VEGETATION 


Mernop or Stupy 

In the analyses of the vegetation major reliance 
has been placed on averages of systematically dis- 
tributed sample plots. Estimates of composition of 
the vegetation occurring under a given complex of 
influences are in all instances averages of impartially 
drawn samples. The type of plot used was a circle 
containing 100 square feet. Briefly, the data re- 
corded were a list of the species, and the number of 
square feet of surface that would be completely 
shaded by the foliage of each at the end of a nor- 
mal year’s unmolested growth. This type of plot 
and the procedure in its use have been described by 
Stewart and Hutchings (1936). As employed in this 
study the record of each plot provided a list of the 
plants (exclusive of mosses and lichens) and the 
total number of square feet of surface occupied by 
the foliage of each. Coverage was recorded to the 
nearest 0.25 square foot. Species not individually 
oceupving 0.25 square foot per 100 were grouped in 
an appropriate category. It is recognized that abso- 
lute “amount of surface occupied” by a plant is 
subject to wide differences in interpretation even 
though an individual or party of trained men can 
obtain results in measurements of rela- 
tive amounts. Grateful acknowledgment is made 
to J. E. Engleman, W. E. Brant and D. L. Grissom 
for help with the work on the transects and to H. 
M. Bell, who aided in standardization of cover esti- 
mates. 

In order to avoid placing undue emphasis on the 
absolute values obtained from the transects, and also 
to provide for summarization and direct comparison 
between different study areas, these values were re- 
duced to relative ones. The square-foot value for 
each species was computed for an average plot. From 
this was derived the percentages of total coverage 
assignable to each species. This percentage value 
for a species is hereafter referred to as coverage and 
may be defined simply as the relative amount of sur- 
face occupied by a given species in a specific area. 
The percentage of the total number of plots in which 
a given species was recorded is referred to as fre- 
quency. Coverage and frequency represent 2 of the 
5 distinctly different means of expressing quantita- 
tive relations of vegetation recently deseribed by 
Bauer (1943). 

Coverage and frequency for each species may be 
multiplied, and two places pointed off in the prod- 
uct, with the result that an index value between 0 
and 100 is obtained. Such values have been found 
useful in ranking some species where coverage alone 
appeared inadequate to express its relative impor- 
tance over the area as a whole. A somewhat similar 


consistent 


procedure has been described by Hanson (1934). 
The first objective of the study was to obtain a 
broad picture of average vegetation. To obtain this 
estimate, lines of plots (transects) were run from 
boundary to boundary of the Clear Fork watershed 
at right angles to direction of major drainage, thus 
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averting the effects of purely local edaphic or biotic 
influences upon the sample. This watershed lying 
west of Fort Worth, includes about 230,000 acres 
of Grand Prairie upland, and contains the highest 
pereentage of uncultivated land of the watersheds 
that cross the Fort Worth Prairie, according to a 
U.S.D.A. report (1942). Prior to field work, the 
transects were spaced on a map showing only major 
drainage and boundary, thus precluding bias in their 
location. The only deviations from the lines as origi- 
nally drawn were where lines were later found to fall 
on or closely parallel to a road. Then an offset of 
one-eighth mile was taken. Lines paralleled each 
other with a seven mile interval. Direction in the 
field was maintained by compass and distances were 
measured by pacing with the aid of a mechanical 
tally register. Plots were taken at 350-yard intervals 
and when this distance had been measured the point 
reached was accepted as the center of the plot irre- 
spective of the examiner’s opinion as to representa- 
tiveness of the vegetation. In other words, after the 
boundaries of the study area were established sampl- 
ing was unbiased. From 34 miles of line a total 
of 169 plot records were obtained as a sample of the 
broad area. 

The area was found to be quite inadequately served 
by any one flora. The works of Gray (1888), Coul- 
ter (1891, 1892, 1894), Small (1903), Britton and 
Brown (1913), Silveus (1933), Hiteheock (1935), 
Stemen and Mevers (1937), Cory and Parks (1938), 
Kearney and Peebles (1942), and Lundell et al. 
(1942, 1943, 1944) have been most helpful. All have 
been freely consulted as well as monographs of cer- 
tain genera. The use of some one standard by which 
to resolve the very considerable synonomy thus en- 
countered became quite necessary. For this reason 
both the common and scientific names are, with few 
exceptions, taken from Standardized Plant -Names, 
2nd edition, Kelsey and Dayton (1942). In in- 
stances where this was not possible because of omis- 
sion, or where the species intended might be confused 
with another, the name of the authority is given. 

It may be mentioned that 3 grasses and a rush 
not previously reported in Texas, were discovered 
during the course of this study. These were Aristida 
basiramea Engelm., verified by Agnes Chase, in 
1939; Sclerochloa dura (L.) Beauv., Aegilops cylin- 
drica Host., and Juncus brachyphyllus Wieg. all veri- 
fied by F. J. Herman in 1944. Specimens are de- 
posited in the National Herbarium. The Aristida and 
the Juncus are characteristic of the adjoining Cross 
Timbers rather than the prairie. Aegilops is wide- 
spread and may recently have been reported. 

RESULTS 


Of the 169 plots in the broad area, 52 fell on 
cultivated land. The remaining 117 fell in 30 differ- 
ent native pastures and only one fell on native grass- 
land that had formerly been cultivated. The prin- 
cipal species of the native grassland, with relative 
coverage and frequency for each, are presented in 


Table 1. 
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TABLE 1. Relative importance of principal species of 








the Fort Worth Prairie. 
: CoveraGe |FrEeQqUENCY| Coverage 
Species x 
(Percent) | (Percent) | Frequency 

Stipa leucotricha 20.3 62.4 12.7 
Annual grasses (Hordeum pusillum, Bro- 

mus japonicus, Festuca octoflora, Bro- 

mus catharticus, and Limnodea arkan- 

sana, in order of their prevalence)... 11.3 56.4 6.4 
Annual forbs (except Gutierrezia dracun- 

culoides) sie 7.3 76.1 5.6 
Andropogon saccharoides 7.8 62.4 4.9 
Bouteloua curtipendula . 7.6 50.4 3.8 
Aristida (perennial species) 6.0 37.6 2.3 
Andropogon scoparius 4.7 38.5 1.8 
Buchloe dactyloides 6.7 26.5 1.8 
Gutierrezia dracunculoides 2.8 44.4 1.2 
Sporobolus asper (and varieties) . . . 3.4 34.2 1.2 
Perennial forbs (except Ambrosia psilo- 

stachya) . . eal 2.9 30.0 9 
Ambrosia psilostachya . 2.0 27.4 5 
Schedonnardus paniculatus.. . 2.1 25.6 5 
Bouteloua hirsuta. . 2.7 18.8 5 
Triodia pilosa. . 2.8 15.4 4 
Chloris verticillata . . : 1.4 21.4 3 
Andropogon furcatus........... 1.5 18.8 3 
SRE a k0S 2.55 dose skvew | 1.0 9.4 oh 
Bouteloua rigidiseta..... | 8 8.5 oa 
Opuntia spp. Py re ak 


ot) 
| 


Sorghastrum nutans......... soe 4 4. 
All other species* each with less then 0.3 | | 
percent coverage. ... | 3.8 _ _ 





*Among these are Muhlenbergia reverchoni, Triodia elongata, T. albescens, 
Panicum spp., Cynodon dactylon, Leptoloma cognatum, and Aristida oligantha. 
Also woody species, encountered mainly along stream courses, including Forestiera 
spp., Smilaz spp., Quercus stellata, Q. marylandica, Q. virginiana, Celtis occidentalis, 
Rhus glabra, R. copallina var. lanceolata, Ulmus crassifolia, and Cornus asperifolia. 


From Table 1 it may be noted that Stipa leucotri- 
cha with a coverage of 20.3 percent occupies more 
surface than any other species. With a frequency 
of 62.4 pereent it is also one of the most widely 
distributed species. In frequency of occurrence it is 
equalled only by Andropogon saccharoides, though 
this species, with a coverage of 7.8 percent occupies 
less than half as much surface. If two species were 
to be selected to characterize this disclimax commu- 
nity, they probably should be Stipa leucotricha and 
Andropogon saccharoides with C x F values of 12.7 
and 4.9 respectively. Other species of perennial 
grasses, which are both widely distributed and occupy 
considerable surface, are ranked in the following 
order: Bouteloua curtipendula, perennial Aristida 
spp., Andropogon scoparius, Buchloe dactyloides, and 
Sporobolus asper with its varieties. It is of interest 
to note the low rank of the three widespread tall 
grasses, Andropogon furcatus, Sorghastrum nutans, 
and Panicum virgatum, the last falling in the cate- 
gory of species having a coverage of less than 0.3 
percent. It may be noted also that the widespread 
short zrass species, Bouteloua gracilis, is not re- 
ported. In faet, it was not observed on this prairie 
though it was seen in the adjacent Western Cross 
Timbers. The grama described as Bouteloua pectinata 
Featherly, but here included with Bouteloua hirsuta, 
was observed locally and is readily recognized in the 
field. Schedonnardus paniculatus and Chloris verti- 
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cillata were found primarily in areas that had been 
subjected to more than ordinary disturbance from 
grazing. Triodia pilosa was abundant on local areas 
of very shallow, eroded soils or soil materials. Peren- 
nial grasses as a group comprised about 68 percent 
of the vegetation. 

The abundance of annuals is regarded as a most 
significant feature of this portion of the grassland 
formation. Annual grasses and annual forbs together 
constitute about one-fifth of the vegetation. Fur- 
thermore, observations throughout the year impress 
one with the constaney of this abundance of annuals. 
They include a wide range of species with great 
diversity in growth requirements as a result of which 
they keep otherwise bare areas occupied, from earli- 
est spring to late fall. This is in marked contrast 
to most grazed grassland communities, particularly 
those westward where vernal abundance of annuals 
is usually followed by bare soil later in the year. 

The five most common annual grasses are treated 
collectively in Table 1. The relative order of their 
prevalence in 1939 was Hordeum pusillum, Bromus 
japonicus, Festuca octoflora, Bromus catharticus, and 
Limnodea arkansana, Together they composed 11.3 
pereent of the vegetation and one or more species 
was encountered in 56 percent of the plots. Aristida 
Trisetum interrup- 
tum, Poa annua, Sporobolus vaginiflorus, and S. 
neglectus may be mentioned as other annual grasses 
that are frequently encountered on range land. Ob- 
without measurements. indicated that 
Bromus japonicus was the most abundant annual 
grass in 1943. 

Annual forbs were treated collectively excepting 
Gutierrezia dracunculoides which was the most prom- 
inent annual forb and is recognized as an indicator 
of grazing disturbance. Annual forbs as a class 
compose a tenth of the plant cover of which about a 
fourth is Gutierrezia Other wide- 
spread annual forbs include species of Plantago, 
Draba, Gaillardia, Cerastium, Croton, Androsace, 
and Evax. 

Perennial forbs as a group have a coverage of only 
5 pereent while the single weedy species Ambrosia 
psilostachya alone has a coverage of 2 pereent and 
was encountered on 27 percent of the plots. Other 
widely distributed perennial forbs include Aster 
ericoides, Tragia ramosa, Nothoscordum bivalve, and 
species of Oenothera and Allium. A more detailed 
enumeration of forbs by seasons is ineluded in a 


oligantha, Phalaris caroliniana, 


servations, 


dracunculoides. 


later section. 

To recapitulate, it may be said that while perennial 
grasses, especially Stipa leucotricha and Andropogon 
saccharoides, plainly characterize the expanse of the 
Fort Worth Prairie this grazing disclimax has about 
one-fifth of its occupied surface dominated by an- 
nuals with annual forbs and annual grasses in about 
equal proportion. Perennial forbs are of relatively 
minor significance though conspicuous, while woody 
plants are largely confined to valleys and their mar- 
gins (Fig. 5). 
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Fie. 5. Postelimax of woody vegetation along a stream course. The principal tree genera are Quercus, Ulmus, 


Celtis, and Bumelia. Shrub genera include Forestiera, Rhus, Symphoricarpos, and Cornus. 
Outerops of whitish soil materials on far side of drainage will be referred to as preclimax sites. 


also common. 


SUBSERE AND CLIMAX 


With a knowledge of the vegetation over the broad 
area, interest arises in the probable course of second- 
ary succession under reduced disturbance by graz- 
ing. Since the appearance of Clements’ classical 
“Plant Succession” (1916) the concept of succession 
has been found to have greater and greater applica- 
tion in the field of range management. Subsere 
trends are of special interest to range ecologists. 
Inerease in coverage by species known to be higher 
in the seale of succession is now a common measure 
of progress in range management. 

Late StaGE 1N SUBSERE 

First it was desired to ascertain probable changes 
in composition of the vegetation which might attend 
lessened disturbance from grazing. These data were 
to be used further in conjunction with studies of 
relict areas in determining the trend of the subsere. 

For this purpose a 7,000-aecre ranch had _ been 
located near the center of the broad study area just 
described. This rectangular block of land, extending 
north and south between the cross-country transects, 
was apparently basically similar to the broad area 
except that its vegetation was relatively dense, weedy 
forbs and annual grasses were less prominent, and 
the range land had become recognized locally because 
of its and its abundance of 


eareful management 


The vine Smilax is 


“feed.” The range had been grazed exclusively by 
cattle. The progressive young managers varied sea- 
sons of use as well as numbers of stock grazed in each 
of the nine pastures with forethought of improving, 
or maintaining the plant cover. The reported ecompo- 
sition of the vegetation of this ranch is based on an 
average of 82 systematically distributed sample plots. 
The data obtained provide a part of the basis for a 
later outline of trends in the subsere. 

A list of the principal species representing vegeta- 
tion under less than average disturbance, with rela- 
tive coverage and frequency for each is given in 
Table 2. Some striking differences may be observed 
by comparing the data for the broad area (Table 1) 
with those contained in Table 2. The latter shows 
that here annual forbs have only half as much eover- 
age. Gutierrezia dracunculoides though oceupying a 
high place in the broad area was here of such minor 
importance that it is not differentiated from other 
annual forbs. Perennial forbs with a coverage of 
6.74 percent are more numerous generally, but the 
weedy species Ambrosia psilostachya with a cover- 
age of 0.74 percent is here of little importance. An- 
nual grasses with a coverage of 10.71 percent are a 
Icss abundant component of the vegetation but are 
more widespread. Stipa leucotricha with a coverage 
of 13.72 percent is not nearly as abundant on the 
‘ranch but it again ranks first in importance. It may 
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TABLE 2. Relative importance of species in a 7,000- 
acre ranch selected as representing unusual advance- 
ment in secondary succession when compared with aver- 
age condition of the range in the Fort Worth Prairie. 





CoveraGe |Frequency| Coverage 








Species x 
(Percent) (Percent) | Frequency 

Stipa leucotricha ise | e393 | 9:0 
Andropogon saccharoides | 8.42 82.9 7.0 
Bouteloua curtipendula... . 7.9 | 78.0 | 6.2 
Sporobolus asper (inc. varieties) | 40.21 | 57.3 | 5.9 
Perennial forbs (except Ambrosia psilo- | 

stachya)....... oS 6.00 | 95.1 5.3 
Andropogon scoparius | 9.86 | 657.3 5.6 
Hordeum pusillum 6.66 | 63.4 4.2 
Annual forbs | 4.80 | 70.7 is 
Schedonnardus paniculatus 3.16 | 51.2 1.6 
Andropogon furcatus... . 3.35 47.6 | 1.6 
Bouteloua hirsuta . 4.09 | 39.0 1.6 
Aristida (perennial species) . . 3.90 | 36.6 12 
Limnodea arkansana....... 2.49 41.5 | 1.0 
Buchloe dactyloides : .| 3.70 | 25.6 | 1.0 
Chloris verticillata...... | 2.42 | 39.0 9 
Bouteloua rigidiseta . 1.44 | 2 8 
Triodia pilosa... | 1.83 a } 
Bromus catharticus.. . | - ane | 3 
Leptoloma cognatum... 1.09 22.0 | m 
Sorghastrum nutans....... . : 1.09 19.5 | 2 
Ambrosia psilostachya..... | .74 19.5 | 1 
Eriochloa sericea... ; 62 7.3 | = 
Festuca octoflora....... 39) 9.8 = 
i ee . | 31 a - 
Muhlenbergia reverchoni... . of 51 4.9 | - 
Triodia albescens and T. elongata. . . | ae 4.9 - 
Sporobolus eryptandrus..... 19 | 4.9 — 
Panicum obtusum....... are Sel a2 | 87 | = 
Panicum virgatum...... a ee 08 | 2.4 | - 
Sorghum halepense. . | . ao 1.2* - 

| 





*Many other species occurred but since they did not compose a recognizable 
percentage of coverage they have not been included. 


also be noted that several minor perennial grasses 
have sufficient coverage to be listed. They indicate 
a great diversity of species that attain appreciable 
coverage under less disturbance. 

Comparison between C x F values for the prin- 
cipal grasses of the broad area and of the ranch 
illustrate effects of reduced disturbance; these are 
shown in Table 3. The data in Table 3 when con- 
sidered along with changes in coverage by annuals 
show a general increase in species most palatable to 
livestock, as well as an increase in grasses of greater 
stature. Although the foregoing may indicate trends 
in the subsere, one would certainly not regard in- 
creases for some of these species as direct steps to- 
ward the climax. In a grazing disclimax the climax 
community has usually been fragmented in such a 
way that component parts of the disclimax are domi- 
nated by species ranging from low to high in the 
sere even though these parts are but inches or feet 
apart. This is in marked contrast to areas that are 
abandoned after clean cultivation, or where vegeta- 
tion is destroyed in other ways, and then allowed to 
revegetate naturally. In the present the de- 
crease in disturbance probably resulted in immediate 
local increases in relative coverage by all perennial 
species already present. Perennial plants both high 
and low in seral rank would not have been prevented 


ase 
ease, 
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TABLE 3. Effect of reduced disturbance upon dis- 


climax vegetation. 








Broap AREA | Rancu EFFECT OF 
Species (Average (Late sub- RepucEeD 
| disclimax) | sere stage) | DisTURBANCE 
waa 
Stipa leucotricha 12.7 | 9.4 Decrease 
Andropogon saccharoides 4.9 7.0 Increase 
Bouteloua curti pendula | 3.8 6.2 | Increase 
Aristida (perennial spp.) | 2.3 BS | Marked decrease 
Andropogon scoparius 1.8 | 5.6 Marked increase 
Buchloe dactyloides 1.8 | 1.0 Decrease 
Sporobolus asper 1.2 | 5.9 Marked increase 
Schedonnardus piniculatus 5 | 1.6 Marked increase 
Bouteloua hirsuta 5 | 1.6 | Marked increase 
Triodia pilosa 4 3 Decrease 
Chloris verticillata 3 9 | Marked increase 
Andropogon furcatus ia 1.6 | Marked increase 
Bouteloua rigidiseta a 3 | Increase 
Sorghastrum nutans - 2 | Increase 


from extending their hold on and in the relatively 
bare soil surrounding them until they came within 
the area of influence of species their equal or higher 
in seral rank. It is then that rigorous competition 
and coaction would begin and a more orderly develop- 
ment of the vegetation toward the climax would take 
place. Data on the late subsere stage provided no 
evidence that this point had been reached. For this 
reason a study of climax vegetation was essential 
in order to interpret the changes indicated in Table 3. 


CLIMAX 


After extensive travel and observational studies of 
protected grassland, 11 areas of relict climax vegeta- 
tion were selected for detailed analyses. The uses 
and limitations of the relict method in dynamie ccolo- 
gv have been described by Clements (1934) as have 
also the nature of the climax and its units (1936). 

It was possible to find relict areas fairly well dis- 
tributed throughout the length of the prairie with- 
out utilizing railroad right-of-ways. The areas se- 
lected had not been grazed or burned for at least 
5 years. Evidence indicated that one had not been 
grazed by domestic livestock since barbed wire be- 
came generally available. None, of course, had ever 
been cultivated or subjected to other types of severe 
disturbance, which leave a relatively permanent im- 
press on soil or vegetation. Half the plots were on 
deep-phase soils and half were on shallow-phase soils 
but none were on alluvium. Half had an aceumula- 
tion of dead plant material showing annual stages 
of decay from none to complete. The other half were 
on native hay fields. The 11 locations included large 
native hay fields surrounded by range land, unmowed 
areas within such fields, and a cemetery with hay 
land or range on three sides. It is significant that 
underneath the plant remains on some of the un- 
mowed areas the surface consisted of an almost uni- 
form laver of earthworm casts to a depth of one- 
quarter inch or more. These could be scooped up in 
double handfuls. A list of the prineipal species on 
relict areas with coverage and frequency for each is 
given in Table 4. 
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TaBLeE 4. The prineipal species and their relative Perennial forbs with a eoverage of 8.21 pereent 


importance in relict areas of the Fort Worth Prairie. 





| 
. | a] 
| COVERAGE FREQUENCY| Coverage 








Species Te. 
(Percent) (Percent) Frequency 

Andropogon scoparius ~ 64.66 100 | 64.66 
Perennial forbs* ‘a 8.21 100 8.21 
Bouteloua curtipendula..... 8.11 | 100 8.11 
Sorghastrum nutans 5.12 83 | 4.25 
Sporobolus asper (and var.) 2.10 | 92 1.93 
Bouteloua hirsuta 2.50 | 67 1.68 
Annual forbs 2.30 | 50 | 1.15 
Andropogon furcatus . . ‘<ancs 2.20 | 50 | 1.10 
Stipa leucotricha. . eaves | .70 42 -29 
Carer spp. 4 2 eee .70 42 .29 
Woody species**...... titehie 70 | 42 | .29 
NO OET E TE 70 33 23 
Aristida (perennial spp.)................] 1.80 | 8 .14 
Panicum virgatum eer ; 20 | 17 - 

Koeleria cristata........ ret ee | - 17 | - 





*Principally Leguminoseae, Compositae, Scrophulariaceae, and Labiatae. 
**Principally halfshrubs and bushes. 


The most conspicuous feature of the relict vegeta- 
tion, as shown by Table 4, is the overwhelming domi- 
nance of Andropogon scoparius which constitutes 
nearly two-thirds of the total plant cover. Observa- 
tional studies from one end of the prairie to the 
other support the tabular evidence that Andropogon 
scoparius is the principal climax dominant. Bouteloua 
curtipendula with a coverage of 8.11 percent is 
ranked as the second most important species though 
far less important than the former. Sorghastrum 
nutans, Sporobolus asper, Bouteloua hirsuta, and 
Andropogon furcatus with coverage values of 5.12, 
2.10, 2.50, and 2.20 pereent, respectively, constitute 
a group of perennial grasses of much less signifi- 
eanee though the first two are widely distributed. 
Stipa leucotricha, species of perennial Aristida, 
Panicum virgatum, and Koeleria cristata are indi- 
vidually of almost negligible importance in relict 
areas generally. Though many other species of 
grasses were observed on one or more relict areas 
they were of even less significance. In view of the 
importance of and 
saccharoides in the broad area, it may be mentioned 


Stipa leucotricha Andropogon 
here that these species were commonly abundant on 
cattle ranges immediately adjacent to relict areas but 
practically absent in such areas. This was true for 
both mowed and entirely undisturbed relict vegeta- 
tion and on both deep- and shallow-phase soils. The 
same situation usually with 
Buchloe 


paniculatus, Chloris verticillata, and annual grasses 


prevailed respect to 


dactyloides Triodia pilosa, Schedonnardus 
although the latter were not uneommon on areas that 
had received no other disturbance than removal of 


the hay crop. 


A recapitulation of the data on relict perennial 


grasses, based upon stature, indicates eoverage by 


mid grasses of 77.37 pereent while coverage by tall, 


and short grasses is 7.52 and 2.50 percent, respec- 


tively. 


and frequeney of 100 are of much greater significance 
in the relict vegetation than they were in communi- 
ties lower in the sere. The area covered by Psoralea 
spp. and crassicarpus approached a 
measurable percentage of the total though these are 
uneommon in the grazing disclimax. 


Astragalus 


Annual forbs with a coverage of 2.30 pereent and 
a frequeney of 50 pereent are of minor importance 
in relict areas though a common interstitial eompo- 
nent of the vegetation of hay fields. 


TREND OF SUBSERE FROM DISCLIMAX 
TO CLIMAX 


The data which have been presented for the broad 
area, the ranch, and for relict areas may be compared 
to show the composition of the vegetation at these 
three levels of grazing influence. Subsere data when 
compared with climax data should in general econ- 
firm or diseredit each other. For example, species 
that are dominant in relict areas should also be more 
abundant in the late subsere stages than they are in 
early subsere stages. Data that are consistent in 
this respect should provide a basis for predicting 
changes in the composition of the vegetation under 
reduced disturbanee. Data coneerning dominant 
species as well as data on groups of species such as 
annuals compared with perennials, in the subsere, 
are of fundamental importance in range manage- 
ment and in soil conservation. 

A comparison of pereentages of ground surface 
covered by species or groups of species on the broad 
area, the ranch, and on relict areas are in effect a 
comparison of points in succession from the present 
disclimax to climax vegetation. Sueh comparisons 
should also show trends under progressively less dis- 
turbanee from grazing. The trends in the subsere 
for the perennial and annual grasses, and, perennial 
and annual forbs are shown in Table 5. 


TasBLe 5. Trend of the subsere from average dis- 
climax to climax. 





1 ' 
| 





Broad _| Late subsere Relict Trend in 

Group area ranch | areas subsere 

Perennial grasses 70.8 77.44 | 87.39 Increase 

Annual grasses 11.7 10.71 | .70 | Decrease 

Perennial forbs 5.2 6.7 8.21 | Increase 

Annual forbs 10.6 4.80 2.30 | Decrease 
Others i 31 1.40 | 

Totals 100.00 100.00 100.00 





From Table 5 it may be noted that annual grasses 
and forbs are both progressively displaced during the 
subsere by perennial grasses and forbs. The trends 
indicated in the importance of the principal grass 
species under progressively less disturbance by graz- 
ing are graphically shown in Fig. 6. 
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Fig. 6. 
less disturbance by grazing. 


In Fig. 6 it may be noted that in the trends of the 
subsere there are certain species that evidently in- 
crease in relative coverage before they decrease. It 
appears that in grazing disclimaxes, where some cli- 
max species remain, the subsere may be divided into 
three periods. First: a period during which palatable 
species increase in relative coverage, largely irrespec- 
tive of seral rank. This is probably a brief period. On 
severely overgrazed range it may result in reoceupa- 
tion of much bare soil, and considerable increase in 
absolute coverage. Partial or even complete removal 
of grazing disturbance provides no special stimulus 
to growth of unpalatable species while palatable spe- 
cies have a handieap partially or wholly removed. 
Second: a period when relative coverage by species 
low in seral rank decreases through competition with 
species possibly much higher in seral rank. This is 
probably a relatively short period during which spe- 
cies poorly adapted to survival within a highly eom- 
petitive eliminated. During this 
period there is probably little increase in absolute 
coverage but still considerable inerease in the weight 
of forage produced per unit of area. Third: a period 
when changes in relative coverage are largely between 


community are 


climax species. This is a long period during which 
each species or ecotype competes for the controlling 


Graphs showing indicated trends in the importance of the principal grass species under progressively 


environmental factor and often succeeds in establish- 
ing greatest coverage upon the minor variation in the 
general habitat where it is best adapted. 

Figure 6 indicates that throughout the subsere 
there are continuous inereases in Andropogon sco- 
parius and Bouteloua curtipendula and smaller ones 
in Sorghastrum nutans and Bouteloua hirsuta. On 
the other hand it indicates that throughout the sub- 
sere there are continuous decreases in Stipa leuco- 
tricha, Aristida spp., Buchloe dactyloides, and Triodia 
pilosa. The figure also shows a period of increase, 
followed ultimately by a period of decrease of An- 
dropogon saccharoides, Sporobolus asper, and Andro- 
pogon furcatus. The tabular data indieate a period 
of inerease followed by complete elimination of 
Schedonnardus paniculatus and Chloris verticillata. 

The regeneration of native range land thus por- 
trayed bears a most striking resemblance to the pat- 
tern of degeneration described by Weaver and Han- 
sen (1941). They found that in degeneration of 
native pastures species might be classified as to 
whether they simply decreased, decreased following a 
period of inerease, or invaded from the outside. 
Under regeneration it appears that species may be 
classified as to whether they simply inerease, decrease 
following a period of inerease, or are eliminated. 
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RELATIONS BETWEEN RELIEF, SOILS, 
AND VEGETATION 

Throughout this prairie the most obvious influence 
upon the composition and growth of the vegetation, 
apart from grazing, is the influence of relief or 
topography. Though difference in relief is in turn 
associated with difference in soil, this is less obvious. 

DIFFERENCES IN COMPOSITION OF VEGETATION 

The effect of relief upon the composition of the 
vegetation was ascertained by the study of 82 plots 
located randomly on various types of relief and soil. 
The plot records were first segregated according to 
the soil types upon which they were located. The 
soils had been mapped by a professional soil sur- 
veyor. There was no evident relation between soil 
type and composition of the vegetation as determined 
from averages of the plots on each soil type. Next, 
the plots were segregated according to exposure, that 
is, whether the plots were on a north, south, east, or 
west slope. This too, showed no marked associations 
between species and habitat. Finally, the plot records 
were segregated according to position with respect 
to relief. This showed obvious associations when 
averages of plots on each type of relief were con- 
sidered, except that little difference in composition 
was discernible when benches were compared with 
bettoms. Consequently, these are considered to- 
gether. After this had been determined, 30 plot 
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records were selected. Ten were frem hillsides, ordi- 
nar:ly these represent greatest gradient and gravelly 
surfaces with products of soil genesis being removed 
by erosion; ten were from ridgetops or hilltops, 
ordinarily flat, shallow, and compact soils resting on 
limestones; and the remainder from bottoms 
and benches, the former having relatively deep soils 
of alluvial origin at least in part, and the latter 
having relatively deep soils of colluvial origin at 
least in part. The benches were areas where deposi- 
tion of soil from higher hillsides had played some 
part in soil formation. The bottoms were not major 
floodplains but rather headwater drainages dry most 
of the vear (Fig. 7). 

The plots were selected from the 82 on the ranch 
used 'n studying the subsere because the flora of 
the ranch was less affected by characteristic inter- 
relations between vegetation, topography, and graz- 
ing. Under heavy grazing differences in composition 
due to edaphie faetors tended to disappear. Thus, 
on very severcly grazed pastures Buchloe dactyloides 
often predominated from the deepest lowlands to 
the tops of arid hills, while in lightly grazed pas- 
tures it oceurred only locally or not at all. The 
influence of topography in coneentrating range live- 
stock on limited areas is generally reeognized. The 
effect in modifying normal structure of the vegeta- 
tion on a given range bears a direct relation to in- 


« 


were 


tensity of grazing use for the range as a whole. 





Fig. 7. 


General view showing bottoms, hillsides, broad benches, and ridgetops, in left background. 
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Characteristic deviations from average composi- 
tion of the vegetation, dependent upon position with 
respect to relief are presented in Table 6. The itali- 
cized values indicate the topographie situation asso- 
ciated with the greatest prevalence of a given indi- 
vidual species. Thus, Chloris verticillata and Sche- 
donnardus paniculatus are more abundant on_ hill- 
tops and ridges than elsewhere, even though they are 
less abundant there than Stipa leucotricha and Boute- 
loua curtipendula. The following species appear to 
find their optimum habitats on hillsides: Bouteloua 
curtipendula, perennial forbs, Andropogon saccha- 
roides, A. scoparius, and Bouteloua hirsuta. Con- 
versely, species of the thin, level, and compact soils, 
or soils materials, of ridges and hilltops includes: 
Hordeum pusillum, annual forbs, Chloris verticillata, 
Schedonnardus paniculatus, Limnodea  arkansana, 
perennial species of Aristida, Leptoloma cognatum, 
Sporobolus asper, Stipa leuco- 
fureatus, 


and Triodia pilosa. 
tricha, Buchloe dactyloides, Andropogon 
and Sorghastrum nutans are more common on the 
colluvial benches and alluvial bottoms than elsewhere. 
The above quantitatively derived findings were sup- 
ported by general observations over the prairie as a 
whole. 

TABLE 6. Effect of relief on composition of vegeta- 


tion. Noteworthy correlations between species and c¢on- 
ditions are indicated by italicized values. 











| CoveraGe x FREQUENCY 
Species | va Ridges | Benches 
Area as Hillsides and an 
whole hilltops bottoms 
Stipa leucotricha . , 04 | 5.1 | 67 | 16.6 
Andropogon saccharoides.... . 7.0 8.0 | 4.9 5.3 
Bouteloua curtipendula...... 6.2 13.6 5.9 3.6 
Sporobolus asper...... 5.9 2.3 | 6 | 18.5 
Perennial forbs... . . . 5.8 10.2 | a 4.0 
Andropogon scoparius...... gby 5.6 6.3 17 5.6 
Hordeum pusillum...... prats 4.2 3.5 10.1 3.1 
Annual forbs........... 3.4 4.9 6.7 2.9 
Schedonnardus paniculatus . 1.6 i =| 3.2 1:3 
Andropogon furcatus 1.6 1.6 | oj 2.7 
Bouteloua hirsuta........ ; 1.6 4.0 8 - 
Aristida, perennial spp... . . . 1.2 2.0 2.5 - 
Limnodea arkansana........ 1.0 1.0 3.2 4 
Buchloe dactyloides........... 1.0 4 1.8 3.2 
Chloris verticillata....... poets 9 2.0 ae 1 
re 3 ~ 1.8 - 
Bromus catharticus...... ven 3 ofl 3 oe 
Leptoloma cognatum............ 2 5 1.4 - 
Sorghastrum nutans... .. 2 3 - Pe | 











DIFFERENCES IN YIELDS OF ForAGE 

Differences in vegetation accompanying differences 
in relief and soils were only partly revealed by the 
study of variations in the composition of vegetation. 
Further study showed great differences in growth. 
These could be more readily associated with varia- 
tions in soil than could composition. Such differ- 
ences are related primarily to moisture supply at a 
given place between ridgetop and drainage channel. 
Under a given climate, moisture supply is largely 
dependent upon soil properties affecting rate and 
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amount of infiltration, storage, and release of water. 
Evaluation of the influence of each of the inde- 
pendent variables of habitat upon growth is outside 
the scope of this study. However, the association be- 
tween yields of forage and certain characteristic 
variations in relief and soil were determined. 

To determine these relations one-half of the pro- 
file of a typical minor watershed, within a field of 
native hay was selected for study. Since the area 
was mowed annually, disturbance was uniform and 
was, therefore, eliminated as a variable. The vegeta- 
tion was regarded as nearly climax. Differences in 
vield of forage from top to bottom could, therefore, 
logically be related to position with respect to relief 
and soil. Duplicate meter quadrats were clipped at 
each 30-foot interval along a course at right angles 
to the contours. The course began on the hill and 
ended 600 feet distant on the first bottom above the 
drainage channel. The principal species were re- 
corded at each of 20 stations. The total current 
year’s growth to July 1, 1944, was clipped to the 
ground line in the 60 plots, air-dried, and weighed 
to the nearest gram. The grams per average meter 
the 20 stations were then converted to 
acre. Next, a line of levels was run to 
0.05 foot, at 15-foot intervals, over the 

Finally, soil profiles were examined at 
20 places where the duplicate plots had 
been clipped. Thanks are extended to Mr. R. M. 
Marshall, Soil Scientist, U. S. Soil Conservation 
Service, for help with identification and examina- 
tion of the soil profiles. 

The data obtained, concerning relations between 
soils, and production of air-dry forage are 


at each of 
pounds per 
the nearest 
same course. 
each of the 


relief 
shown in Figure 8. 

Figure 8 shows very evident relations between the 
variables diagramed. The flat hilltop with its ex- 
tremely shallow soil or soil material produced slightly 
over 1,000 Ibs. per acre. The horizontal underlying 
limestone though somewhat jointed, permitted little 
of the annual precipitation to enter the soil and to 
be stored for production of forage. At the edge of 
the flat hilltop, production of forage was even less 
than on top because here runoff was more rapid and 
genesis of soil in place, was almost impossible. The 
series of small benches between stations at 60 and 
150 feet no doubt retarded runoff water, causing part 
of it to enter the soil and thereby increasing produe- 
tion. Also such areas are subject to seepage follow- 
ing heavy The station at 180 feet shows 
greater gradient. There was almost no solum over 
another projecting layer of horizontal limestones that 
reached the surface at this point. There is less 
forage production than at preceding stations. 
Through the rest of the stations the relation between 
relief, soil, and production is plain. 

Between the stations at 360 feet and 390 feet the 
solum became of such depth that the horizontal 
underlying limestones were not reached at a depth 
of 4 feet. Up to this point along the course the 
soil was Denton gravelly clay resting upon inter- 
bedded limestone and marl, with some soil develop- 


"ains. 
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Fig. 8. Graphs showing relations between relief, soil depth, 


graphs indicate stations, 


ment at greater depths in the underlying limestone 
and marl. 

From the station at 390 feet to the station at 600 
feet, the soil was Denton clay resting upon marl. 
These profiles showed an upper section of black soil, 
plainly much utilized by plant roots. This section 
will be referred to as the “A horizon.” Below the A 
horizon the color became noticeably lighter giving 
way to a deep section of yellowish clay showing 
some soil development. At still greater depths this 
graded into unmodified parent marl. Sinee trial 
showed that the depth of the A horizon was alone 
sufficient to show relation between soil and produc- 
tion, the depths of other horizons are not diagramed. 
The structure of these soils was characteristic of 
virgin Rendzina profiles generally and need not be 
described. The great depths of the A horizons at the 
420- and 510-foot stations were accompanied by 
marked differences in production. These stations were 
at the edge, and near the center, respectively, of two 
minor hog-wallows. These were scarcely discernible 


except with study. Hog-wallows are rather common 
phenomena of soil genesis in both the Grand and 
Black Prairies, particularly the latter. Briefly, they 


and total production of air-dry forage. Points on 


are minor depressions, evidently formed by repeated 
development and closure of great cracks that form 
when the clay over the limestones shrinks in times 
of droughts, and expands after rains. Expansion usu- 
ally oceurs after cracks have been partially filled 
with top-soil washed in from the edges. The miero- 
relief and cross-section of a hog-wallow on a Texas- 
Blackland Rendzina have recently been diagramed 
and deseribed by Templin and Huckabee (1940). 

Composition of vegetation along the course did 
not change as abruptly as did subsurface conditions 
and weights of forage produced. The top of the 
hill to the 90-foot station was characterized by Boute- 
loua curtipendula, B. hirsuta, Aristida purpurea and 
perennial forbs. 

From the 90-foot through the 180-foot station, the 
principal species was Muhlenbergia reverchoni. It 
may be noted that this section of the slope was 
characterized by benches with extremely shallow 
soils. Such areas on the slopes of the hills are com- 
monly referred to as “Muhly benches” by ranchers. 
The site is seepy after heavy rains because soil- 
water running along the horizontal limestones is 
again brought to the surface in such areas. How- 
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ever, they beeome possibly the most arid sites of the 
slope by mid-summer. The common name of the 
grass, “seep muhly,” seems inappropriate at sueh 
times. 

Andropogon scoparius was one of the principal 
dominants from the 180-foot station to the drainage. 
However, in the hog-wallows it largely gave way to 
Andropogon furcatus. At the 690-foot station it 
ranked second, with Sorghastrum nutans first and 
Andropogon fureatus third. Bouteloua curtipendula 
was found in important amounts throughout the 
course except on the muhly bench. At the 180-foot 
station and at the 540-foot station it was second 
only to Andropogon scoparius. Sorghastrum nutans 
extended from the 210-foot station to the drainage 
where it ranked first. Throughout the rest of its 
range, excepting hog-wallows, it ranked next to 
Andropogon scoparius. Annuals were of practically 
no importance over the entire course and perennial 
forbs contributed little except on the hilltop where 
they were abundant. There they contributed to total 
weight in approximately the following order: 
Dyschoriste linearis, Salviastrum texanum, Oenothera 
serrulata, Houstonia angustifolia, Scutellaria resino- 
sa, Amsonia angustifolia, Tragia ramosa, Phyllanthus 
polygonoides, Oenothera missouriensis, Thelesperma 
trifidum, Evolvulus pilosus, Callirhoe digitata, and 
Krameria secundiflora. All were rooted in joints of 
the limestone which was practically at the surface. 
Root and soil relations under such conditions, and 
involving many of these same species, have been ably 
portrayed by Albertson (1937). 

The relative water requirements of the dominant 
grasses are probably reflected by the positions on 
the slope where they contributed most in total forage 
production. Exeluding Muhlenbergia reverchoni 
which is possibly xerophytie though tolerant of a 
saturated soil over long periods, the others may be 
ranked somewhat as follows: Aristida purpurea and 
Bouteloua hirsuta, Bouteloua curtipendula, Andro- 
pogon scoparius, Sorghastrum nutans, and Andropo- 
gon furcatus. 

Relief, depth of soil, forage production, and com- 
position of vegetation include both dependent and 
independent variables. Relief is in this case inde- 
pendent and determining. Variations in the last 
three variables are all dependent upon variations in 
relief. They vary together to the extent that relief 
has modified the development of both soil and vege- 
tation; under the same climate. 

SEASONAL DEVELOPMENT OF 
VEGETATION 


The data on seasonal development for both climax 
and grazing disclimax vegetation were obtained by 
making regular weekly trips over a selected 2-mile 
upland course for one year. All species of seed 
plants, that is, spermatophytes, that oceurred along 
this course were recorded with respect to seasons. 
Grateful acknowledgment is made to Mr. S. E. 
Wolff, Agronomist, U. S. Soil Conservation Service, 
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whose invaluable help in the identification of species 
was liberally given throughout the entire course of 
the work. Any errors in identification are the sole 
responsibility of the author. 

The course was at the south edge of the city of 
Fort Worth which is a first-order U. S. Weather 
Bureau Station, with almost one-half century of 
weather and elimatie data. In addition to the regular 
course, extensive trips were made at monthly, or 
more frequent, intervals to verify notes on general 
development. The data obtained in 1944 are given. 
Less complete data colleeted in 1938, 1939, and 1943 
indicated that for each species the date of beginning 
of blossoming varied than date of general 
blossoming. Also that the sequence of blossoming 
among species is relatively constant from year to 


less 


vear. 

Some knowledge of the sequence of development 
of prairie species is indispensable for proper under- 
standing of the vegetation. All species of a certain 
habitat as shown by a simple list of plants eannot 
he verified on the ground at any one time. Many 
annuals are notably ephemeral and the above-ground 
parts of many perennial forbs are almost equally 
short lived. Each has a certain time of the year when 
it attains greatest relative coverage with respeet to 
its associates. For most species of forbs this period 
begins near the time of beginning of blossoming. It 
is during this period that the species makes maximum 
demands upon soil moisture, nutrients, and light. 
Having reached its zenith it may shed part or all of 
its leaves, die, or retreat underground; thus making 
way for other species which successively occupy the 
same site later and later in the vear. 

On this southern prairie numerous species re- 
sumed or accelerated vegetative growth late in Janu- 
ary and in February. On January 27 the flowering 
of bigroot corkwing (Phellopterus 
ushered in prevernal blossoms. On upland _ prairies 
it alene was in blossom for several days, but in wet 


macrorhizus) 


plaees annual bluegrass (Poa annua) produced 
panicles at almost the same time. On January 30 
the first blossoms of henbit deadnettle (Lamium 


amplericaule), appeared. The last two are weedy 
annuals, but all three are noteworthy beeause their 
flowers appeared before the first of February. 

By March 1 prairies from which old growth had 
heen removed by fire or grazing presented a general 
greenish appearance. The leaves of Nuttall onion 
(Allium nuttalli) oceurred in great patches. The 
green and leafy rosettes of species of Gaura and 
Oenothera and numerous composites were prominent. 
On deep sols, where heavy grazing had been long 
continued the land was commonly bright green with 
stipa (Stipa leucotricha). Three common annuals 
of the disclimax, sixweeks feseue (Festuca octoflora), 
common flax (Linum usitatissimum) and southwestern 
earrot (Daucus pusillus), had germinated and some 
seedlings had attained a height of several inches. The 
strap-shaped primary leaves of the carrot were a 
common feature of disturbed areas. Reseue brome 
(Bromus catharticus) had already exerted its first 
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panicles. On uplands generally, bigroot corkwing and resinous skulleap (Scutellaria resinosa). On 


and Draba cuneifolia Nutt. were generally in blos- 
som while blossoms of yellow falsegarlic (Nothoscor- 
dum bivalve) were not infrequent. 

On shallow uplands red threeawn (Aristida longi- 
seta) had occasional new panicles mixed with those 
of the preceding fall. Such new panicles are easily 
overlooked except upon examination. Whether red 
threeawn had renewed blossoming in the spring, 
rather than having simply continued to blossom 
through the winter was open to question. The same 
was true of purple threeawn (Aristida purpurea) 
for which the first new panicles were recorded about 
March 1. Both species maintained full-length green 
leaves throughout the winter despite heavy frosts. 
Both were sought out and closely grazed by range 
livestock from mid-December to March even though 
they are generally nonpalatable during the part of 
the year when other green forage is available. 

Earthworm activity, as evidenced by fresh mounds 
of casts had increased markedly. It had been previ- 
ously observed that some fresh casts are deposited 
on the surface during every month of the year. 

By Mareh 15 ranchers remarked about having 
brought their livestock through the winter, and _ be- 
gan to survey prospects of spring pasturage. On 
areas where the previous year’s growth was removed 
during the winter, leaves of little bluestem (Andro- 
pogon scoparius) were 1 to 6 inches tall with the 
general level at 2 inches. Sideoats grama (Boute- 
loua curtipendula) showed almost the same develop- 
ment. Tall dropseed (Sporobolus asper) and yellow 
Indiangrass (Sorghastrum nutans) had leaves 1 to 
8 inches tall with the general level at 4 inches. In- 
diangrass though it started growth later than tall 
dropseed, was overtaking it. Silver bluestem (An- 
dropogon saccharoides) and big bluestem (A. fur- 
catus), the last to send out new shoots, were only 
1 to 2 inches tall. New leaves of silver bluestem could 
be found originating within the sheaths of last year’s 
leaves to a height of 10 inches above the ground. 
Hairy grama (Bouteloua hirsuta), Texas grama (B. 
rigidiseta) and buffalograss (Buchloe dactyloides) 
had some full-length green leaves among the old, 
these apparently having arisen from functioning 
basal meristem of the preceding fall rather than 
from buds or tillers of the current vear. 

By March 15 renewed growth was equally evident 
among forbs that had been dormant during the 
winter. Echinacea angustifolia and Salvia pitcheri 
already had basal leaves two inches long. Prairie- 
clover (Petalostemon spp.) had leaf-shoots exserted 
an inch at the bases of old plants. Patches of the 
rhizomatous Artemisia spp. had stems 3 inches tall, 
and Silphium spp. were 3 inches tall. Winter rosettes 
of Cirsium undulatum were prominent with leaves 
about 8 inches long. Common forbs of shallow up- 
lands that already showed signs of bolting the rosette 
stage included greenthread (Thelesperma_ trifidum 
(Poir.) Britton), yvellow-Texas-star (Lindheimera 


texrana Engelm. & Gray), Engelmanndaisy (Engel- 
mannia pinnatifida), Salviastrum texanum Scheele, 


disturbed areas generally, the rosettes of annual 
forbs were prominent. Among the most common were 
those of broomweed (Gutierrezia dracunculoides), 
woolly Indianwheat (Plantago purshi) and redseed 
plantain (P. rhodosperma). Associated were annual 
grasses that germinated during the preceding fall, 
principally Japanese brome (Bromus japonicus) and 
little barley (Hordeum pusillum), varying greatly in 
size depending upon favorableness of the site. On 
severely grazed and formerly cultivated lands Aris- 
tida oligantha had recently germinated and numerous 
seedlings were about 1 inch tall. In similar situa- 
tions, but limited to local areas where it usually 
made almost pure stands, Sporobolus neglectus was 
also germinating. On shallow soils the whitish gray 
seedlings of fluffweed (Evax multicaulis) were al- 
most universally present. On overgrazed ranges gen- 
erally the infrequent, deeply rooted desert stillingia 
(Stillingia linearifolia) still completely dor- 
mant. The persistent, lower, red-tinged leaves of 
Oenothera serrulata, common on shallow uplands 
throughout the winter, were now supplemented by 
new leaves arising from the old stem as high as 12 
inches from the ground and by new basal shoots al- 
ready 4 inches long. 

The blossoms of angustifolium, 
Astragalus crassicarpus, and Nothoscordum bivalve 
characterized the landseape. Other prairie species 
which had begun to included Eleocharis 
compressa Sull., Carex microdonta Torr. & Hook., 
Poa arachnifera, Ovalis violacea, Anemone decape- 
tala, and Antennaria plantaginifolia. 

April 1 is commonly regarded as the beginning 
of the grazing season. On good native range domi- 
nated by little bluestem it was found that 323 pounds 
per acre of air-dry vegetation had been produced 
between February 1 and April 1. Of this amount 
54 pounds represented spring growth by forbs and 
the remainder spring growth by native perennial 
grasses. Prairie species in blossom that had begun 
flowering during the preceding one-half month in- 
eluded Castilleja purpurea (Nutt.) G. Don, Andro- 
stephium caeruleum, Actinea acarlis, Amsonia an- 
gustifolia, Allium nuttalli, Sisyrinchiunm spp., Oxalis 
Engelmannia pinnatifida, and Ceanothus 
ovatus. During the same period in the disclimax, 
flowers had appeared on several annuals including 
Linum usitatissimum, Lindheimera terana Engelm. & 
Gray, Lesquerella gracilis (Hook.) S. Wats., Senecio 


was 


Lithospermum 


blossom 


stricta, 


lobatus, Oenothera triloba Nutt., Daucus pusillus, 
Lupinus texanus, Valerianella amarella, Astragalus 
nuttallianus, Vicia leavenworthi, and Medicago 
minima, 

By April 15 shallow uplands were massed with 
flowers in both climax and disclimax situations. 


Flowers that had appeared during the preceding two 
weeks on native hay fields included those of Koeleria 
cristata (observed only toward the north end of the 
prairie), Panicum helleri, white triodia (Triodia al- 
bescens), Scutellaria resinosa, Psoralea hypogaea, P. 
acuta, Callirhoe digitata 


cuspidata, Nemastylis 
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Nutt., Camassia scilloides, Polytaenia nuttalli DC., 
Tradescantia spp., Oxytropis lamberti, Salviastrum 
texanum Scheele, Polygala alba, and the rare Dode- 
catheon meadia. 

In the diselimax grasses that had started to flower 
included Stipa leucotricha, Triodia pilosa and stami- 
nate plants of Buchloe dactyloides. Also the annual 
grasses, Festuca octoflora, Hordeum pusillum, Bro- 
mus japonicus, Trisetum interruptum, and Phalaris 
caroliniana. Annual forbs included Pyrrhopappus 
multicaulis DC., Erodium texanum, Erigeron strigo- 
sus Muhl., Plantago rhodosperma, Geranium caroli- 
nianum, and Actinea linearifolia. 

By May 1 many prevernal species had been sub- 
merged by the growth of later and taller species 
and had practically ceased blossoming. Among 
those prominent earlier in the year but now reduced 
to an insignificant part of the vegetation were 
Phellopterus Nothoseordum, Lamium, Draba_ spp., 
Astragalus spp., Anemone, and Lithospermum. Some 
vernal species had, in general, finished blossoming 
and were reduced to the understory by this date. 
These included Androstephium, Amsonia angusti- 
folia, Allium nuttalli, Actinea spp. except A. lineari- 
folia, Erodium cicutarium, and EF. texanum. 

Prominent forbs of the overstory on May 1 were 
Thelesperma trifidum, Engelmannia pinnatifida, and 
Oenothera serrulata which together lent a dominant 
tone of yellow to many hills. Locally even these 
were exceeded by the massive purplish flowers of 
Penstemon cobaea. In areas where the perennial 
grasses had been almost completely destroyed, the 
whitish flowers of Gauwra suffulta made an almost 
continuous eover. Along roadsides the silicles of 
Lepidium were the predominant feature. 

On lowland elimax-prairie; grass alone was the 
dominant feature though the blossoms of Trades- 
eantia and Sisyrinchium could be found below the 
general level of the grass. On such lowland the in- 
florescences of Triodia albescens and Eriochloa seri- 
cea were frequent. The shoots of dotted gayfeather 
(Liatris punctata) were taller than the grasses. On 
upland climax prairie, the blossoms of perennial 
forbs still overtopped the grasses but the reddish 
inflorescences of Aristida longiseta, and A. purpurea 
were common. 

In the grazing disclimax on deep soils, inflores- 
cences of Stipa leucotricha were common while those 
of Chloris verticillata and Schedonnardus panicula- 
tus were just emerging from the sheaths. Bouteloua 
rigidiseta was in flower generally. 

In such disclimax areas the small seedlings of 
spring-germinating summer annuals could be seen 
in the understory. These included Eryngium leaven- 
worthi, Euphorbia bicolor, and Croton monanthogy- 
nus, all about 2 inches tall. With such a late start 
in comparison with the grasses it is small wonder that 
they were absent except where grazing prevented 
the grasses from competing effectively. Centaurea 
americana was already 3 feet tall. 

In the grazing disclimax on shallow soils or soil 
materials, the inflorescences of Aristida longiseta, and 
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Triodia pilosa were prominent. In blossom and eom- 
mon were Scutellaria resinosa, Tragia ramosa, Sal- 
viastrum texanum, Thelesperma trifidum, and Phyl- 
lanthus polygonoides. In blossom and typieal of 
such places but not as common were Polygala alba, 
Hybanthus verticillatus (Ort.) Baill., Evolvulus pilo- 
sus, and Marshallia caespitosa Nutt. 

A group of annuals that were in flower and fruit 
on May 1 and perhaps most characteristic of the 
diselimax generally, but not of any particular site 
within it, included: Valerianella amarella, Daucus 
pusillus, Chaerophyllum texanum C. & R., Aectinea 
linearifolia, Linum usitatissimum, Euphorbia arkan- 
sana, Gaura suffulta, Evax multicaulis, Galium vir- 
gatum, Plantago rhodosperma, and numerous other 
species of Plantago. 

Numerous species were in blossom on May 1 that 
had produced their first blossoms in the last half of 
April. These ineluded climax 
Panicum reverchoni and Leptoloma cognatum of 
upland, and Friochloa sericea of lowland prairies. 
Perennial included 
Wats., Oenothera missouriensis, O. speciosa, O. serru- 
lata, Gaura coccinea, Zigadenus nuttalli, Thelesperma 


secondary 


grasses, 


forbs Psoralea reverchoni S. 


trifidum, Tragia ramosa, Penstemon cobaea, Phyllan- 
thus polygonoides, Evolvulus pilosus, Vincetoxricum 
biflorum (Raf.) Heller, Asclepiodora decumbens, A. 
viridis (Walt.) A. Gray, Delphinium virescens, Phlox 
pilosa, Hybanthus verticillatus, Marshallia caespitosa, 
Schrankia Ditaxis humilis, arkan- 
sana, Convolvulus incanus, and Salvia farinacea. In 
the diselimax several new annuals and biennials had 
begun to flower including Hymenopappus tenuifolius 
virgatum, Lathyrus 


uneinata, Yucca 


Pursh, H. carolinensis, Galinm 
pusillus, Linum berlandieri, Silene antirrhina, Gail- 
lardia pulchella, Bifora americana, (DC.) S. Wats., 
Brazoria (Hook.) Engelm. & Gray, 
and Ozarkgrass (Limnodea arkansana). More species 
began flowering in April than in any other month. 

By May 15 several additional spring forbs had 
largely given way to later or taller species. These 
included Callirhoe digitata, linearifolia, 
Brazoria scutellarioides, Lindheimera texana, Pyrrho- 
pappus multicaulis, and Plantago spp. At this date 
Polytaenia nuttalli and undulatum over- 
topped all others and were most conspicuous in the 
landscape. 

On undisturbed prairie, the hilltops had numerous 
small blossoms of Houstonia angustifolia at the level 
of the grasses, while on deeper soils, the white blos- 
soms of Bifora americana suddenly became quite 
prominent, also at the level of the grasses. 

Species that began flowering in the first half of 
May on undisturbed areas included Krameria secundi- 
flora, Echinacea angustifolia, Hedeoma drummondi 
Benth., Dyschoriste linearis, Houstonia angustifolia, 
Lythrum linearifolium (A. Gray) Small, and Triodia 
congesta. In disturbed areas flowers appeared on Cir- 
sium undulatum, Argemone alba, Cucurbita foetidis- 
sima, Solanum elaeagnifolium, Croton monanthogy- 
nus, Rudbeckia amplexicaulis, Bromus japonicus, and 
Prosopis glandulosa. The latter is quite infrequent 


scutellarioides 


Actinea 


Cirsium 
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on this prairie but its invasion of other Texas grass- 
lands presents major problems of control (Bell and 
Dyksterhuis, 1943). 

By June 1 the abundance of flowers that had char- 
acterized the landscape had given way to the general 
green tone of the grasses. Most forbs were sub- 
merged by perennial grasses except in grazed areas 
where the grasses had been reduced. Bifora ameri- 
cana on lowland and Houstonia angustifolia on up- 
land both still had numerous blossoms. In slight 
depressions Rudbeckia amplexicaulis was still eon- 
spicuous. 

Numerous grasses were shedding seed, including 
the perennials; Texas grama, hairy triodia, white 
triodia, red threeawn, purple threeawn and _ stipa; 
and the annuals; sixweeks fescue, little barley, Ozark- 
grass and prairie trisetum. Japanese brome had not 
yet started shedding seed while rescue brome had 
practically completed shedding. 

Gutierrezia dracunculoides had bolted the rosette 
stage from an inconspicuous place in the understory 
and was 1 to 2 feet tall. Furthermore during the 
preceding 10 days it had developed the widely 
branched top that now extended over the grasses 
in most pastures. 

Species. that began blossoming in the latter half 
of May included Andropogon saccharoides, Elymus 
canadensis, E. virginicus, Panicum obtusum, and P. 
halli. Also perennial forbs including Ruellia ciliosa, 
Asclepias lindheimeri Engelm. & Gray, Ditaxis mer- 
curialina (Nutt.) Coulter, Ratibida columnaris, Des- 
manthus leptolobus T. & G., D. illinoensis, Petaloste- 
mon purpureus, Psoralea linearifolia T. & G., Lygo- 
desmia texana (T. & G.) Greene, Acacia angustissima, 
Silphium laciniatum, S. albiflorum A. Gray, and 
Neptunia lutea. It may be noted that most of these 
forbs are either taller than the grasses or have a 
trailing habit of growth. Several common summer 
annuals of the disclimax also began blossoming dur- 
ing this period. These were Centaurea americana, 
Monarda citriodora, Helianthus annuus, and Helio- 
tropium tenellum (Nutt.) Torr. Flowering in this 
group was accompanied by flowering of Yucca rupi- 
cola, and Opuntia macrorrhiza Engelm. The latter 
is regarded as the only important cactus of the 
prairie, though its low stature makes it ineonspicu- 
ous among the grasses. Others are more conspicuous 
but rare by comparison. 

By June 15 the great body of range land had no 
conspicuous patches of flowers. Shallow-rooted an- 
nuals had experienced several short periods of 
drought even where growing widely spaced. Annuals 
that had been growing among the dominant grasses 
had been subjected to almost éontinuous drought 
through root competition and produced only ex- 
tremely depauperate leaves and flowers. However, 


perennials had shown no stress until near this date. 
Thev now showed moisture shortage by rolling and 
drooping of the leaves after midday. 

Plants of the genera Liatris, Solidago, Ambrosia, 
and Artemisia had not yet blossomed. On the other 
hand the earlier profusion of blossoms in the genera 
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Oenothera and Gaura had passed leaving seareely a 
blossom. The southerly representatives of grass 
genera of northern extraction such as Festuca, Poa, 
Stipa, Hordeum, Trisetum, and Bromus had aready 
shed or were now shedding their seeds. The erect 
30-inch culms of Andropogon saccharoides surmount- 
ed by silvery bearded racemes were most prominent, 
though the seeds had largely been shed. The foliage 
of Ambrosia psilostachya and Gutierrezia dracun- 
culoides was prominent in pastures generally. Cen- 
taurea americana was the only conspicuous and 
widespread species in blossom. 

Species that produced their first blossoms in the 
first half of June, in the climax were Bouteloua cur- 
tipendula and Andropogon furcatus though the eulms 
of the latter were very uncommon and less than 
2 feet tall. Perennial forbs included Dalea aurea, 
Stenosiphon linifolius, Chrysopsis berlandieri, and 
Acerates viridiflora. Annuals that blossomed, prin- 
cipally in moist situations of the diselimax included 
Solanum rostratum, Parthenium hysterophorus L., 
Heterotheca subazxillaris, Aplopappus ciliatus, Eri- 
geron canadensis, and Helenium microcephalum. The 
last occurred on muhly benches. 

Between June 15 and July 15 soil drought be- 
came more apparent. Only a few species, all peren- 
nials, began blossoming. These were Triodia elon- 
gata, on shallow uplands, Petalostemon multiflorus, 
Vernonia lindheimeri, Eriogonum longifolium, and 
Salvia pitcheri. In the disclimax flowers of Ambrosia 
psilostachya and Vernonia baldwini var. interior 
appeared. By the beginning of summer the 5-foliate 
species of Psoralea, Callirhoe digitata, and most 
liliaceous and iridaceous species showed no sign of 
life above ground. They were as completely re- 
placed as ephemeral spring annuals. Grasshoppers 
had apparently increased greatly in numbers and 
appeared especially numerous on ridgetops. Species 
and host relations for many plants of this area have 
been described by Isely (1938). 

By July 15 Stipa leucotricha was generally sum- 
mer-dormant. On arid sites it had become dormant 
2 weeks earlier. Centaurea americana which was the 
last spring annual to become prominent was now 
dried. Over the grazing disclimax generally the 
foliage of 3 summer annuals stood out above the 
grasses. They were Gutierrezia dracunculoides, 
Eryngium leavenworthi, and Euphorbia bicolor. All 
are nonpalatable to livestock. Growing among the 
closely grazed grasses they showed no great lack 
of moisture. 

By August 1 the usual summer soil-drought had 
become severe. Leaves of the grasses were generally 
curled throughout the day. Numerous leaves had died 
and many species had shed considerable foliage. The 
new leaves that appeared near the summits of the 
forbs were much reduced in size. Species such as 
Helianthus masximiliani, Salvia pitcheri, Ambrosia 
psilostachya, and Kuhnia glutinosa that had _ pro- 
duced tirst blossoms did not come into blossom gen- 
It appeared that they could not until rains 
Little Lluestem and other grasses were 


erally. 
came. 
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affected. Numerous flower stalks had been exserted to 
normal height but most inflorescences remained with- 
in the sheaths. 

Despite these conditions certain new species pro- 
duced first flowers in the last half of July. These 
included Panicum virgatum, Andropogon scoparius, 
Bouteloua hirsuta and its form pectinata, Helianthus 
Liatris Mirabilis linearis, 
scoparia, beyrichi, and 
Euphorbia 
lea- 


punctata, 
Paronychia Centaurium 
Kuhnia glutinosa. In the disclimax 
bicolor, Gutierrezia dracunculoides, Eryngium 
venworthi, Polypteris callosa, and Aster evilis Ell. 
showed first blossoms. 

Near September 1 the prairie commonly showed 
recovery from summer soil drought. This was true 
in 1944. The entire month of August had passed 
with only one new species coming into flower. It 
was seep muhly (Muhlenbergia reverchoni). How- 
ever, other grasses as well as summer forbs showed 
recently developed vegetative shoots on September 1. 

By September 15 Bouteloua curtipendula, Panicum 
obtusum, and Andropogon saccharoides had begun 
their second period of flowering for the year as had 
also Nothoscordum bivalve and Oxalis violacea, Eleo- 
charis compressa Sull. had resumed growth after 
summer dormancy and numerous panicles of the as- 
sociated seep muhly (Muhlenbergia reverchoni) gave 
such areas a pinkish hue. On overgrazed ranges 
Iva angustifolia, Gutierrezia dracunculoides, and 
Ambrosia psilostachya completely overshadowed the 
grasses. In greatly disturbed areas, the flowers of 
Heliotropium tenellum Torr., Eryngium leavenworthi, 
Polypteris callosa, and Helianthus annuus were abun- 
dant. Exserted culms of Sporobolus neglectus were 
general. On undisturbed preclimax sites Paronychia 
scoparia, Bouteloua hirsuta, its form pectinata, and 
Triodia elongata were in blossom generally. The 
culms of Sorghastrum nutans, and Sporobolus asper 
were not exserted until the first half of September. 
Cooperia drummondi, Iva angustifolia, and Sporo- 
bolus neglectus began flowering at this time. 

By October 1 species in blossom generally included 
Andropogon furcatus, A. saccharoides, 
Sorghastrum nutans, and Sporobolus asper. The 
grazing-disclimax showed numerous grass seedlings. 
The annual Hordeum pusillum, as well as Stipa leu- 
cotricha, Bouteloua rigidiseta, and Triodia pilosa 
were germinating or already had seedlings an inch 
tall. 

By October 15 Aster ericoides, Artemisia ludovi- 
ciana Nutt., A. gnaphalodes Nutt., and Gutierrezia 
dracunculoides were in blossom generally. The first 


maximiliani, 


scoparius, A. 


three showed no blossoms until the last half of 
September. Gutierrezia characterized the landscape 


through most of October. Only two new species 
came into blossom in October. They were Allium 
stellatum on preclimax sites and Spiranthes cernua 
of climax upland-prairie. They were evidently the 
last in the sequence that began in lite January. 
However, differentiation in the vegetation continued 
through changes in relative exverage by species al- 
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ready reported. Close examination showed that nu- 
merous perennials were developing winter rosettes. 
Winter rosettes are of more than academic interest 
to the stockman because of the green pasturage they 
provide during the winter. 

By October 15 the rosette leaves of many common 
perennials could be distinguished in the understory. 
These were Salviastrum texanum, Scutellaria resinosa, 
Hedeoma drummondi, Verbena halei Small, Callirhoe 
digitata, Engelmannia pinnatifida, Marshallia caespi- 
tosa, Grindelia squarrosa, Aster ericoides, and Pani- 
The rosettes of biennials included those 
of Cirsium undulatum, Hymenopappus tenuifolius 
Pursh, H. carolinensis, and Thelesperma trifidum 
though many plants of the latter appeared perennial 
rather than biennial and numerous seedlings had 
been observed in the spring. The rosettes of winter 
annuals included those of Lupinus texanus, Gaura 
suffulta, Erodium texanum, Oenothera triloba, <As- 
tragalus nuttallianus, and many more. 


cum helleri. 


By November 1 the winter rosettes of the species 


already mentioned were much better developed. 
Though Oenothera serrulata, Gaura coccinea, and 
Lythrum linearifolium had shed almost all their 


leaves during July and August they now had numer- 
ous short tender shoots along the old woody stems. 
In contrast Dyschoriste linearis retained most of its 
leaves through the summer. New bright green leaves 
of Ditaxis humilis were widespread and lay flat on 
the ground. Several perennial forbs were already 
almost dormant though no frost had occurred. These 
included = Liatris  punctata, Ruellia and 
Krameria secundiflora. The annuals Eryngium lea- 
venworthi, Iva angustifolia, and Ambrosia artemisi- 
folia had largely withered. The last is infrequent. 
Gutierrezia, however, still had numerous blossoms. 

By November 15 there had been no frost, but the 
landscape on range land and hay field suggested 
autumn because of the general absence of blossoms, 
the reddish cast of Andropogon spp., and several 
other grasses, and the dead stems of numerous species 
of forbs. In the diselimax, the annual summer grasses 
Sporobolus neglectus and Aristida oligantha were 
generally withered. 


ciliosa, 


The late grasses and numerous species of forbs 
continued to produce new blossoms until killing 
frosts. Blossoms of a few forbs were found in 
December and early January. These were produced 
during periods of relatively warm weather that al- 
ternate with days or periods of a week or more of 
freezing temperatures. Several perennial grasses 
showed green lower internodes or even green blades 
throughout the winter. Obvious and 
changes in the relations between species occurred 
from January to November. The sequence of bios- 
soming on upland prairie began with Phellopterus 
macrorhizus on January 27 and ended with Spiran- 
thes October 15. However. 
rosette species, Stipa leucotricha and several annual 


eontinuous 


cernua on numerous 


grasses, remained grecn throughout the winter. 
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MONTHLY YIELDS OF PRINCIPAL 
GRASSES 


‘he annual development of the most important 
grasses and many differences between them may be 
shown by comparing their monthly increase or de- 
crease in weight on different sites, per unit of soil 
surface occupied. 

In 1943, prairie areas on representative soils were 
selected near Fort Worth. These were ungrazed and 
had apparently never been severely grazed. The 
vegetation included most of the climax species and 
few annuals. Full sized plants of Ceanothus ovatus 
occurred on the ridgetops, whereas, this species is 
now rare on range land. However, the areas had 
been subjected to frequent accidental fires in vari- 
ous seasons. Here there occurred almost pure stands 
of several areas of a square rod to 
several square rods in size. It is possible that this 
mottled pattern represented recovery from drought 
as described by Weaver and Darland (1944). How- 
ever, this seems improbable because the same eondi- 
adjoining unburned 


over 


orasses 


tion was not encountered on 
prairies. It appeared that the density of coverage 
of each species represented natural adjustments be- 
tween members of that species and was near the opti- 
mum for the particular where it océurred 
(Fig. 9). Old growth had been removed by burn- 
ing in December 1942. Clipping studies were initiated 
in the following September. Most grasses were again 
clipped in both October and November. From 
December 1943 through March, Stipa was 


site 


alone 
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clipped because the other species were virtually dor- 
mant. Several areas of Stipa had been burned in 
July 1943 for this purpose. Stipa was then in its 
normal period of dormaney. 

Clipping of all the grasses was resumed on April 
1, 1944 and it was continued through the growing 
season. Litter from 1943 was separated from the 
new zrowth. It was rather easily distinguishable 
since in most species it consisted of a mat of darker 
and partially disintegrated leaves, lying close to the 
surface. In some of the buneh grasses, however, this 
required much painstaking work. 

Usually the entire year’s clipping of any species 
made within continuous stand of that 
species. Meter quadrats were clipped level with 
the ground-line and the clipping proceeded across 
Thus, no area 


was one 


the area as the season progressed. 
was clipped twice and the weight on a square meter 
‘n one month eould be compared with the weight 
from a similar area clipped a month earlier as a 
means of determining net gain or loss in produe- 
tion during the month. This avoided confounding 
any effects of clipping with normal plant production. 
The effects of frequent clipping upon produetion, for 
several of the species treated here, have been de- 
seribed by Weaver and Hougen (1939). The elip- 
pings from each plot were air-dried, shaken in a 
metal any bits of soil, and 
weighed to the nearest one-half gram. Grams per 
square meter were then converted to pounds per 
aere for comparison. Duplicate meter quadrats were 
often taken. Comparison of weights from 30 dupli- 


eontainer to remove 
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Pure stands of Sporobolus asper at left and Andropogon furcatus at right. 
boundary between them. The scale in feet shows development of these species on a bench, July 1, 


The shadow marks the 


1944. 
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cate meter quadrats showed that differences in such 
paired plots within unit areas rarely reached 10 per- 
cent. Data were obtained from 110 quadrats during 
the period of September, 1943 to October, 1944, in- 
elusive. Results for both 1943 and 1944 are shown 
in Table 7. 


TABLE 7, Air-dry weights in pounds per acre of the 
current-year’s growth of the several grasses. 





S.le.! | B.cu. A.sc. | S.as. | A.sa. 














| 2116 


Date B.da. | A.fu. | S.nu. 
1943 
September 19 | 103* | 2580*| 4079*| 4289*| 4881*| 2540 | 2967 
October 24 262* | 3763*| 4960* 5693* 
November 17... 516* | 3716*) 6383*| 3355*| 5404*| 2445 | 4010 | 
November? 17. (2887 )*| | 
November? 17 (2926)*| 3763 | 3842*| 5693 | 4845 | 7157 | 7944 
December 19 |  530* 
1944 
January 23....| 400* | | | 
February 20....| 514* | 
March = -22....]_ 978* | | | 
April 16....| 1437* | | | | 
April Roa .. | 204} 476] 726 | 632 | 582 | 10284) 870 
April 9. ase Me 630 
May 7. 2086* | . 1430 
May 21....| .... | 1866 | 2263*| 2777 | 1829 | 2189 | 3137 | 2593* 
June 10....| 3119° | | 
July 4....| 3679 | 2287 | 3348*| 3579 | 3382 | 2106 | 6788 | 3199* 
August 8....| 2520 | 2502 | 4165*| 3492 | 3882 | 2877 | 7406 | 3696* 
September 10....| 1869 | 2366 | 3762 | 2999 | 3729 | 1953 | 6677 | 4090* 
October 10... .| | 2681 4016 | 2531 | 7047 | 5333 


4210 | 3249 
| | 





*Average of duplicate plots. 

18.le. = Stipa leucotricha; B.cu. = Bouteloua curtipendula; A.sc. = Andro- 
pogon scoparius; S.as.—= Sporobolus asper; A.sa.—= Andropogon saccharoides; 
B.da. = Buchloe dactyloides; A.fu.—= Andropogon furcatus; and S.nu. = Sorg- 
hastrum nutans. 

. . 2Parentheses indicate material accumulated since winter of 1942. 

3 and 4Indicate weights in line and column, respectively, from deep soils of 
benches. 

It may be noted that maximum accumulations of 
forage are frequently attained before the end of 
the growing season. The data for 1943 indicate that 
weights generally reached maximum in October 
though the growing season extended into November 
and the plants appeared to be growing. This net 
loss may probably be accounted for by natural ex- 
foliation and possibly partially by shattering of in- 
florescences. Yields in 1944 were less than those of 
the preceding year. Decreased yield was associated 
with less rainfall during the fall of 1944. The nu- 
merous clippings on Nov. 17, 1943, on both normal 
upland and deep soil provided a basis for comparing 
total yields of the several species in these two habi- 
tats. A comparison is shown in Figure 10. In this 
figure the clippings of the first five species on normal 
upland were within an area with a radius of 50 feet. 
The last two were one-fourth mile distant, but on 
similar soil. Clippings on the deep colluvial bench 
were all made within a radius of 100 feet on a 
homogeneous soil area. 

From Figure 10 it may be seen that both big blue- 
stem and buffalograss of the climax and disclimax, 
respectively, produced about twice as much forage 
on deep as on shallow soil. Big bluestem, however, 
produced much more than the invading buffalograss 
on both deep and shallow soils. It may be noted 
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that vields of climax species were greater generally 
than those of disclimax species. Stipa showed prae- 
tically no difference in foliage production, whether 
on normal upland or deep soil. The greater mois- 
ture storage in the deeper soil from which some 
undoubtedly benefited during July and 
August was probably of little benefit to Stipa since 
it was dormant at that time. Sideoats grama, tall 
dropseed, and silver bluestem showed no great differ- 
the two habitats; evidently beeause the 
drier, normal-upland soil provided almost as much 
moisture as the plants were able to utilize. 


species 


ences in 


Graphs showing net gains or loss in pounds of 
forage per acre during the growing season are given 
for each species in Figure 11. It may be noted that 
the graph for Stipa shows a dip in January. The 
species remained green through the winter but heavy 
frosts preceding the clipping had killed seedlings, 
and some older leaves had become detached. These 
were, therefore, not included in the clippings. The 
decline in the graph during July and August reflects 
normal exfoliation of dry leaves through weathering 
while the plants were dormant. 

The singular peak in the graph of Buchloe dacty- 
loides in August may be accounted for by the faet 
that almost 2 inches of rain fell on July 22. It is of 
especial interest that this climax dominant of the 
mixed prairie association westward, showed the 
greatest response. 

The tall grasses, Andropogon furcatus and Sor- 
ghastrum nutans, began growth later than the mid 
grasses but grew more rapidly during late March 
and April. By July 1 big bluestem had nearly at- 
tained maximum weight increment, while Indiangrass 
continued weight increase slowly but steadily through 
the summer and into autumn. This growth behavior 
by the latter, and the fact that it showed no tend- 


eney to blossom during the summer, as did biz 


AIR-DRY FORAGE IN 1100's OF POUNDS 
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Fig. 10. Chart showing production in pounds per 
acre of air-dry forage by native grasses of the Fort 
Worth Prairie in 1943 on both normal upland sites and 
deep soils. 
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principal grasses in 1944. 


bluestem, may both indicate special adaptation to 
conditions of this prairie. 

The three dominant mid grasses of the climax, 
Andropogon scoparius, Bouteloua curtipendula, and 
Sporobolus asper, began growth earlier, grew more 
slowly, and reached the end of the period of most 
rapid growth about May 15. Little bluestem and 
sideoats grama continued to make important gains 
until early August whereas tall dropseed had largely 
completed weight increment by July 1. 

There was a tendency in several species to show 
a second minor crest in autumn. Several species 
actually lost weight at some period during the grow- 
ing season. Although the grasses are not commonly 
thought of as shedding their leaves in times of 
stress, as many forbs and woody plants of arid 
regions do, they may nevertheless do so in times of 
drought. It was not determined whether the leaves 
are removed in part by abscission or simply by death 
with subsequent fragmentation through action of 
wind and precipitation. During the period of net 
loss, growth as evidenced by some new green shoots 
continued. There was no hail and little rain but 


soil drought 2nd much wind. 

The cause for the soil drought that usually de- 
velops near July 1 on the prairie could not be found 
from a study of climatic data alone. However, when 
the rapidly mounting pounds of transpiring foliage 
per acre in spring are considered, it is evident that 
the drain on 


so] moisture must soon exhaust any 


stored supply and further increase becomes depend- 
ent upon greater and greater current precipitation. 
Summer precipitation would have to be great indeed 
to do more than maintain foliage already produced. 
This is particularly true of shallow soils overlying: 
limestone. 


DISCUSSION 


The evidence that Stipa leucotricha and Andro- 
pogon saccharoides are not climax dominants of this. 
prairie, though commonly recorded as such for the 
Coastal Prairie, presents some interesting problems 
relating to migration and invasion. Historical rec- 
ords to substantiate an hypothesis of recent migra- 
tion from the Coastal Prairie have not been found 
in a search of the literature. Nor has historical evi- 
dence refuted such an hypothesis. The only early 
collections from this prairie, previously referred to, 
contained neither of these species even though a 
major collection was made at a time of the year- 
when both species should have had numerous in- 
florescences exserted. If it is assumed that these: 
species were present in minor abundanee in the pre- 
settlement era, as they possibly were, then their pres- 
ent great abundance still presents many unusual 
features. Both species are relatively palatable to 
domestic livestock and therefore have no special ad-- 
vantage on range land in comparison with other en- 
demie grasses. Furthermore, a species of Stipa is- 
involved in the role of the major dominant in a: 
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grazing disclimax. This is possibly unique. Species 
of Stipa that characterize the true, mixed, and eali- 
fornia prairie associations are among the least re- 
sistant to grazing. Stipa leucotricha increases in 
relative abundance with increase in grazing intensity 
up to a point where it is one of only a few sur- 
viving species of perennial grasses. It is suggested 
that this species may in part owe its dominance in 
the disclimax to an advantage it has over other en- 
demie species in being able to propagate itself from 
basal cleistogamous spikelets. These are borne at 
the ground line, or, more commonly beneath the soil 
surface. In both situations the fruits are developed, 
even though grazing prevents development of a nor- 
mal panicle. These axillary cleistogenes and their 
role have been more fully deseribed by Dyksterhuis 
(1945). 

It is suggested that Andropogon saccharoides pos- 
sesses an initial advantage in gaining new ground 
because of its feathery propagules, and the fact 
that these are produced regularly in both spring and 
fall. It was observed as a primary perennial in- 
vader of formerly cultivated fields. Also it is one 
of the first species to become established on unculti- 
vated bared areas. Once established, the frequently 
suffruticose nature of its culms may provide some 
continuing advantage over other species in the graz- 
ing disclimax. 

The evidence that Andropogon scoparius was the 
principal climax species indicates the close relation 
between this prairie and the true prairie in Okla- 
homa as described by Bruner (1931). The composi- 
tion of relicts of the climax, seasonal development, 
and trends in the subsere, all show striking similari- 
ties to the true prairie as described by Weaver and 
Fitzpatrick (1934). The increase of western species, 
under the influence of grazing and droughts in the 
portions of the true prairie to the north has been 
described by Weaver and Albertson (1943). On the 
Fort Worth Prairie the influence of western species 
is indeed minor compared with that of southern spe- 
cies. This difference may in part be accounted for 
by the presence of the Western Cross Timbers on the 
west acting as a barrier. Jt may also be due to the 
relatively minor influence of droughts in comparison 
with grazing. 

Although the data provide an original gross quan- 
titative record of average vegetation of this prairie 
and analyses of its more important variations with 
respect to history of grazing, site, and season, no 
effects of climatic fluctuations upon the composition 
of vegetation have been determined. The data must, 
therefore, be considered in their broader implications. 
This is true despite the fact that this prairie was 
not subjected to the great climatic extremes ex- 
perienced during the past decade by grassland to the 
north and west. 


CONCLUSIONS 


1. The Fort Worth prairie is a part of the ex- 
tensive true prairie association as defined by Weaver 
(1938). 


and Clements Over the climax portion of 
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the prairie considered in this study the principal 
dominant was Andropogon scoparius. 

2. The present community is a grazing diselimax in 
which Stipa leucotricha and Andropogon saccharoides 
are the major dominants. This degeneration oceurred 
after 18S0. 

3. Inercase in coverage by 
affords a measure of the rate 


Andropogon scoparius 
and extent of ecologi- 
cal succession on range land; while inerease in Stipa 
leucotricha indicates ecological retrogression. A 
gencral increase of Andropogon scoparius may be ex- 
pected to be accompanied by a general increase of 
perennial forbs, excepting Ambrosia 
and by inereases of Bouteloua curtipendula and B. 
hirsuta on shallow soils and of Sorghastrum nutans, 


pstilostachya, 


and Andropogon furcatus on deep soils. 

4. A reduction in intensity of grazing disturbance 
may be followed by a temporary. though marked in- 
crease in the coverage of Andropogon saccharoides, 
Schedonnardus paniculatus, and Chloris verticillata. 

5. Secondary succession over long periods may be 
expected to result in diminution of Stipa leucotricha, 
Aristida spp., Buchloe 
dactyloides, Chloris verticillata, Schedonnardus pani- 


Andropogon  saccharoides, 
culatus, Triodia pilosa, and the annual species as a 
group. 

6. The species of the disclimax may be grouped 
in three categories depending upon behavior in the 
subsere. These are: species that simply increase in 
relative coverage, species that decrease some in rela- 
tive coverage after a period of increase, and species 
that are ultimately eliminated. 

7. Major differences in the composition of vegeta- 
tion are associated with differences in relief. Major 
differences in the yields of forage may be associated 
with either soil type or relief. 

8. The stratigraphy of the prairie, insofar as it 
determined present relief, is indirectly responsible 
for major differentiation of the vegetation. Its effect 
is brought about through modification of the effects 
of climate upon development of both soil and vegeta- 
tion. It has some effect on composition of vegetation 
but a much greater effect on yields. 

9. The amount, composition, and relative coverage 
of the vegetation on the same site vary continuously 
in this disclimax from late January to November. 
This is brought about by an annually repeated sue- 
cession of species having different periods of growth. 
There are annuals that characterize each of the four 
seasons. Different species begin blossoming in differ- 
ent months from January to October. Rosette leaves 
of numerous perennial forbs develop in October 
and remain green through the winter. 


10. The major climax grasses begin active aerial 


growth near the first of March and produce a ton 
or more of forage per acre by the first of June. 


Growth continues slowly through the remainder of 
the year but there may be a net loss in pounds per 
aere of forage during midsummer droughts, due to 
natural exfoliation. This may be followed by an 
increase beginning about September 1. 

11. In contrast with the other perennial grasses, 
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Stipa leucotricha begins growth about September 1 
and continues through winter, spring, and early sum- 
mer until July when it commonly becomes dormant. 
It mav show a net loss in weight of attached foliage 
in January or after heavy frosts. 

12. The short grass Buchloe dactyloides may re- 
spond quickly and markedly to midsummer precipita- 
tion when tall and mid grasses do not. 

13. The grasses of the climax, as a group, produce 
more forage per unit of area than those of the dis- 
climax, but over a shorter period. 

14. In the development of the subsere there is an 
inerease in the percentage of grasses of greater stat- 
ure, an increase in the proportion of perennials, 
an inerease in total coverage, and greater forage 
production. The full extent of each inerease is de- 
termined by climate and is reflected in climax vegeta- 
tion. Intermediate stages in secondary succession ean 
be associated with past seasons and intensities of 
grazing if qualified locally by consideration of relief 


and soil. 
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KCOLOGY OF THE TREE HOLE BREEDING MOSQUITOES OF NEARCTIC 
NORTH AMERICA 


INTRODUCTION 


Tree holes provide a unique specialized type of 
ecological habitat which is different from the usual 
breeding places of the other species of mosquitoes. 
In North America, north of Mexico, there are eight 
species, and one subspecies, representing four genera 
of mosquitoes that regularly breed in tree holes. 
These species are all brightly ornamented and showy, 
with one notable exception, Anopheles barberi Coq. 
The species of mosquitoes which are usually re- 
stricted to breeding in tree holes in the nearctic 
region are: Anopheles burberi Coq., Aedes alleni 
Turner, Aedes thibaulti Dyar and Knab, Aedes tri- 
seriatus (Say), Aedes varipalpus (Coq.) Orthopo- 
domyia signifera (Coq.), Orthopodomyia alba Baker, 
Megarhinus rutilus septentrionalis Dyar and Knab, 
and Megarhinus rutilus rutilus Coq. 

A few other species also rarely occur in tree holes 
and may be associated with those mentioned, but this 
is unusual and tree holes cannot be considered as 
their normal breeding habitats. Species which have 
oceasionally been observed to breed in tree holes are 
Culex quinquefasciatus Say, Culex restuans Theob., 
Culex apicalis Adams, Culiseta inornata (Will.), and 
Anopheles punctipennis (Say). The yellow fever 
mosquito, Aedes aegypti (L.), appears to be almost 
entirely domesticated in this hemisphere. It breeds 
in rain barrels, tin cans, bottles, and other containers 
around habitations, and is occasionally found in tree 
holes. In Africa and in the tropies of the Far East, 
it is frequently found breeding in tree holes, which 
is probably the original or more primitive breeding 
place. The habit of breeding in tree holes is common- 
ly found among mosquitoes in tropical areas. Two 
of the genera, Orthopodomyia and Megarhinus, are 
distinetly tropical and find their most northward ex- 
tensions in this habitat in the United States. 

Diseases of importance to man are carried by 
two species of tree hole breeding mosquitoes. Malaria 
has been carried experimentally by Anopheles bar- 
beri; the eastern equine encephalomyelitis and vel- 
low fever have been transmitted in the laboratory by 
Aedes triseriatus. In Massachusetts, the human sleep- 
ing sickness outbreaks due to the eastern equine en- 
cephalomyelitis were reported by Feemster & Getting 
(1941) to correspond well with the occurrence of A. 
triseriatus, and this species was thought to be one of 
the more important vectors. The importance of tree 
hole mosquitoes in relation to disease transmission is 
further discussed under the individual species. 


DISTRIBUTION AND HABITAT 


The distribution of all of the species of tree hole 
breeding mosquitoes is dependent upon the distribu- 
tion of deciduous trees. All of the species are found 


in the eastern deciduous forest with the exception 
of the western A. varipalpus, which is found in sev- 
eral western species of deciduous trees. Since the 
distributions of the nearctie tree hole breeding species 
have not been compiled heretofore, only the general 
distributions were known; for example, Matheson 
(1944) states that Anopheles barberi breeds only 
in tree holes, hence its distribution is not fully 
known. 

The distribution map of each species, showing the 
local distribution by county, has been compiled by the 
senior author from all available published and un- 
published sourees, including the authors’ collections. 
The large number of local and state publications, 
while too numerous to cite, have been used and only 
those which are quoted in the text have been cited as 
references. Most of the publications cite exact loeali- 
ties while others make only a general statement which 
does not permit: location by county. Unpublished 
records are from the Fourth Service Command Medi- 
cal Laboratory which includes the states of North 
and South Carolina, Tennessee, Mississippi, Alabama, 
Georgia, and Florida. Records from the Eighth Serv- 
ice Command Medical Laboratory were furnished by 
Lt. R. G. Dahms. The records from Ohio are un- 
published and were mostly furnished by Dr. Carl 
Venard; records from Illinois were sent to the au- 
thors by Dr. Herbert Ross. The mosquito records 
of the Office of Malaria Control in War Areas of 
the United States Public Health Service were ex- 
amined, and through the kindness of Capt. Roy F. 
Fritz and Lt. Col. G. H. Bradley, unpublished ree- 
ords were obtained from the Kansas State Board of 
Health and the State Board of Health of Missouri. 
M. C. W. A. records for Iowa were received from 
Major John A. Rowe, and for Florida from Mr. 
J. A. Mulrennan. Additional unpublished records 
were supplied from Texas by the Texas State Health 
Department, and from Maryland by the Maryland 
State Health Department. Records from Oregon and 
Washington by W. W. Yates and C. M. Gjullin were 
kindly made available by H. H. Stage of the Bureau 
of Entomology and Plant Quarantine. The mos- 
quito collection of the United States National Museum 
was examined by the authors and all of the tree 
hole mosquito records are included in the distribu- 
tion maps. The authors wish to acknowledge the 
assistance of Dr. Alan Stone for his help and for 
making these records available. Lt. Roy Chamber- 
lain made helpful suggestions. Several collectors 
have furnished unpublished records and these have 
been combined with the senior author’s collection 
records from Ohio, Illinois, Louisiana, Georgia, Mary- 
land, Florida, and Texas. 

No attempt has been made to show the relative 
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abundance of the species over their range. A large 
number of locality records in an area may give some 
indication of the abundance, but usually represents 
the amount and thoroughness of collecting in the 
area. In general, the species are well distributed 
throughout their range and are limited on their north- 
ern border by cold temperatures and long winters, 
especially those species which overwinter as larvae. 
They are mainly limited on the western border by 
the prairie and great plains, which lack continuous 
wooded areas and have a low humidity and limited 
water supply. Aedes alleni oceurs, however, only 
in the southwestern part of the eastern deciduous 
forest and the factors restricting this species are un- 
known. 

There is little specificity shown by these mosquitoes 
to breeding only in certain species of trees, except 
that of A. thibaulti which is found only in the basal 
cavities of gum and eypress trees, and the distri- 
bution of this mosquito is eo-extensive and limited 
by the ranges of these trees. The other species of 
tree hole breeding mosquitoes ean be found in al- 
most any common species of tree which contains rot 
holes and cavities that contain water. On the basis 
of observations to date, it appears that certain species 
of trees which are more prone to having branches 
broken, and species in which decay oceurs, provide 
the most available tree holes and therefore have the 
greatest number of breeding records of tree hole 
mosquitoes. Marshall (1938) states, however, “The 
fact that some species of trees are more attractive 
than others to arboreal mosquitoes is supposed to 
depend in some way upon the particular physico- 
chemical characteristics which the water in the eavi- 
ties derive from the surrounding wood. In regard to 
this question, however, the views of the different in- 
vestigators are extremely contradictory.” There are 
no known records of mosquito larvae oceurring in 
holes in pine or any conifer except in the basal eavi- 
ties of cypress. 

The tree holes are segregated separate habitats 
with many interrelations of the contained organisms. 
In the water contained in the holes, there may be 
several types of bacteria, molds, algae, and many 
types of animals. The mosquito larvae form an im- 
portant part of the animal life of the tree holes 
but are only links in the complex food eyele. In the 
southeastern United States, larvae which are often 
associated with each other in the same tree holes 
are Anopheles barberi, Acdes triseriatus, rarely A. 
alleni, Orthopodomyia signifera, O. alba, Megarhi- 
nus r. septentrionalis and rarely M. r. rutilus. Aedes 
varipalpus and O. signifera are found together in 
California, while A. thibaulti is not commonly found 
associated with any other mosquito larvae, because 
of the different type of tree hole in which it occurs. 

The food chains are interesting in that some mos- 
quito larvae, such as Megarhinus, feed to a large 
extent on other mosquito larvae, especially Ortho- 
podomyia, Anopheles barberi, and Aedes triseriatus. 
They are also cannibalistic on members of their own 
species at times. The larvae of A. barberi are ocea- 
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sionally predacious on larvae of O. signifera and A. 
triseriatus. Other predacious insects which eat young 
mosquito larvae in tree holes are the small white 
nematode-like larvae of the ceratopogonid fly, Bezzia 
varicolor (Coq.) and several types of beetle larvae, 
especially the common helodid tree hole beetle which 
is probably in the genus Cyphon (identified by Alva 
Peterson). These have been found by the authors in 
tree holes with A. triseriatus and O. signifera in 
Louisiana, Georgia, Arkansas, Maryland, and Florida. 
Fly larvae also found to be associated with the mos- 
quito larvae in the tree holes were the larvae of the 
dolichopodid fly near Aphrosylus, and the psyehodid 
fly larvae Telmatoscopus albipunctatus (Will.). 
Smaller organisms which were found associated in 
the tree holes were the small crustacean Cyclops, a 
small white species of nematode 3 mm. in length, 
several types of rotifers, and the protozoans Vorti- 
cella, Paramecium, and Hypotrichia. Most of these 
small animals were eaten in large quantities by the 
mosquito larvae. In open sunlit tree holes the rose- 
pink pigmented bacterium Thioeapsa, is eaten by 
O. signifera and according to Reeves (1941) causes 
the larvae to be reddish-colored. The larvae are oe- 
easionally greenish-colored from the presence of in- 
gested green algae. 

The habit of breeding in tree holes is probably an 
old and firmly established one with mosquitoes. Some 
of the lines of evidence upon which this is based 
are: (a) the habit is common in some of the more 
primitive and tropical genera; (b) it is widespread 
among mosquitoes throughout the world, and it oe- 
eurs in a number of different genera; (c) there are 
similar morphological and behavior characteristics 
present among the different tree hole species, which 
suggests that convergent evolution has oceurred; a 
process which requires much time; (d) there is a 
well-founded specificity of these species to breeding 
only in this habitat or artificial conditions which re- 
semble it; (e) fundamental ecological inter-relation- 
ships are present, e.g., Megarhinus larvae are de- 
pendent on other tree hole mosquito larvae for food. 

There is a possibility that the development of the 
tree hole breeding habit is taking place at present. 
Several species of mosquitoes which were mentioned 
as being oceasionally found breeding in tree holes 
may be in the transition stage in the development of 
the tree hole breeding habit. But these species nor- 
mally breed in ground pools, ponds, ete., and this is 
probably a chance dispersal of the breeding popula- 
tion which can develop in a wide range of conditions. 


COLLECTING METHODS 


The larvae may be easily collected by means of a 
small sieve, a siphon, or by a rubber suction bulb 
to remove the water from the tree hole. A rubber 
tube of about one-half inch diameter and three feet 
in length with an eight ineh piece of glass tubing in- 
serted makes a satisfactory siphon. A syringe-type 
rubber suction bulb of about three inches diameter 
and a three foot length of rubber tubing also makes 
a eonvenient collecting device. The water can be 








January, 1946 


siphoned out into a suitable sized container and 
allowed to settle, or poured out in a flat white tray 
and the larvae ean be picked out with a wide-mouthed 
dropper. If the tree holes are to be revisited to ob- 
tain specimens, it is advisable to refill the holes with 
water. Seraping or rinsing the side walls of the 
savities sometimes yields eggs. The best method of 
collecting Aedes thibaulti larvae from the basal eavi- 
ties near the surface of the ground is to use a long 
handled dipper. All of the tree hole inhabiting lar- 
vae may easily be reared in the laboratory if kept in 
tree hole water and fed ground dog food or live lar- 
vae, depending upon the species. 
Anopheles barberi Coq. 

This is the only species of Anopheles whieh regu- 
larly breeds in tree holes in North Ameriea. It is 
comparatively uncommon and loeal, but is widely 
distributed. . 

Anopheles barberi is known to be a veetor of 
malaria from experimental evidence. An _ experi- 
mental infection study of this species was made by 
Stratman-Thomas & Baker (1936). A female A. 
barberi was infected with Plasmodium vivax from a 
tertian patient who had 3 microgametoeytes and 11 
macrogametocytes per 100 leukocytes, with demon- 
strable exflagellation of the former. This infeeted 
mosquito transmitted malaria to another patient, 
proving this species to be a eapable vector of malaria. 
The species is not known to be a natural veetor 
under outdoor conditions. This anopheline species 
is not common enough to be considered as an im- 
portant carrier of malaria at the present; however, 
the female will feed readily on human beings. 
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1, Distribution of Anopheles barberi. 
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Anopheles barberi is loeally distributed through- 
out the deciduous forest of the eastern United States. 
Its northern boundary runs from New York to Iowa 
and is probably limited by cold temperatures and 
long winters through which the larvae must survive. 
The western boundary extends from western Kansas 
through Oklahoma to southeastern Texas and _ is 
limited by the great plains. The isolated oceurrence 
of this species in Sonora, Mexico is possibly a relict 
remnant of a more widespread distribution during a 
previous mesophytie period. The larvae of this spe- 
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cies have been collected from tree holes in sweet gum, 
Liquidambar styraciflua L., white eak, Quereus alba 
L., and several other kinds of trees. The larvae have 
also been observed to breed in stump holes and a 
few artificial eontainers, such as wooden tubs and 
tin cans, found in wooded areas. Lt. George Vogt 
(unpublished) has found them breeding in large 
numbers in foul water in a manure pit in a barn. 

The winter is passed in the North, according to 
Matheson (1944) in a state of hibernation as second 
instar larvae frozen solidly in the ice in the tree 
holes. The larvae apparently remain in hibernation 
until the temperature and length of day are suffi- 
cient to cause them to become active. Baker (1935) 
showed that one lot of hibernating A. barberi larvae 
in normal December length of days failed to become 
active and grow, while another lot under identical 
conditions except an additional seven hours of arti- 
ficial light became active and completed their develop- 
ment. In the South, larvae of this species were col- 
lected near New Orleans in December and they were 
active and feeding. Adults have been collected or 
reared in the southern states in September and Janu- 
ary, and they have been reared at Sonora, Mexico, 
in October by Vargas (1942). This species does not 
appear to hibernate in the southern part of its 
‘ange, but its development is greatly retarded during 
the cooler period of the winter. In the North, the 
larvae develop rapidly in the spring and the first 
brood emerges in June, additional broods being found 
until fall. In the southeastern states the larvae are 
found throughout the year, but are most common in 
early spring and early fall. Carpenter (1941) has 
collected them in Arkansas as early as March 20, 
and finds that production of these mosquitoes is heav- 
ier in the spring and early summer than during the 
late summer and fall months. 

The larvae of A. barberi often feed just below 
the surface and are quite active. They frequently go 
to the bottom when disturbed and will remain there 
longer than most species. They are reported by 
Dyar (1928) to be oceasionally predacious on other 
mosquito larvae in tree holes. They have been found 
to be associated in the same tree holes with other 
mosquito larvae and Rozeboom (1942) has noted 
them with larvae of Aedes triseriatus, A. alleni, Or- 
thopodomyia signifera, and Megarhinus r. septentrio- 
nalis. We have found A. barberi larvae to be eaten 
by Megarhinus larvae, and Carpenter (1941) ob- 
served that a single tree hole seldom yields more than 
ten or twelve of these larvae during an inspection. 
Marshall (1938) states that in England the propor- 
tion of fourth instar larvae of A. plumbeus Stephens 
(a similar tree hole species) is comparatively small, 
and suggests it may be due to lack of sufficient food 
to provide for the development of more than a limited 
number of larvae at one time. 

The eggs are black and have floats on the sides 
which meet at both ends. These have been described 
in detail by Vargas (1942). The eggs are said to 
be laid separately on the surface of the water in tree 


holes. 
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The adults are rather uncommon. They are found 
resting under bridges and culverts and in the dark- 
est areas near the floor in sheds or small buildings 
in or near wooded areas. Both sexes will come to 
light, but the males are almost twice as common as 
females in light trap collections. Thibault (1910) 
states that A. barberi enters houses readily and is a 
persistent biter, although the feeding female is very 
nervous and seldom finishes a blood meal at one 
sitting, even if undisturbed. 

No control measures have been suggested for this 
species because it is seldom abundant. If it becomes 
common enough to become a pest or serious vector of 
malaria, it may be controlled by tree surgery and by 
filling tree holes with sand or cement. DDT or oil 
sprayed or painted in the cavities should provide 
good temporary control. 

Aedes alleni Turner 

Very little is known about this rare species of tree 
hole breeder which is known at present only from 
Texas, Oklahoma, and Kansas. It has not been re- 
corded in literature to be common enough anywhere 
to be a pest, and no investigations have been carried 
on to determine whether or not it is a vector of any 
diseases of importance to man. 

This species is closely related to A. triseriatus, 
but the presence of broad basal rings on the tarsi 
and white scaling at the base of the first wing vein 
distinguishes the adults. The larvae examined by 
tbe authors differ from the description of this species 
it Matheson (1944). Our specimens have an upper 
caudal tuft of seven or eight hairs on the tuft beside 
the one long lower caudal hair in the brush of the 
anal segment. 

The known distribution of A. alleni is limited to 
the southwestern border of the deciduous forest, but 
additional collecting will probably show it to be more 
widespread. This species breeds in the water of tree 
holes along with A. triseriatus, and larvae have been 
found in bird baths and other artificial containers. 
Very little is known of its life history; the only 
kind of tree in which it has been collected is willow. 
Larvae have been collected in April, associated with 
A. triseriatus at Craterville Park, Oklahoma, where 
one male was reared by Rozeboom (1942). Fisk & 
_Levan (1941) collected larvae of this species along 
with larvae of A. triseriatus at Brownsville, Texas, 
and fourth instar larvae were collected at Corpus 
Christi, Texas, on March 28, by O’Neill (unpub- 
lished). 

The adult females attack man readily, and Roze- 
boom (1942) states that if it were not for this habit, 
the existence of the species would not have been sus- 
pected in Oklahoma. He collected six females biting, 
one at a light trap, and one at a natural resting 
place. In Brownsville, Texas, four New Jersey light 
traps were operated from December through April 
by Fisk & Levan (1941) and three females were 
collected in March, and nine in April. 

Matheson (1944) states only that A. alleni occurs 
in tree holes in the Rio Grande Valley of Texas, 
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and that he has specimens from San Antonio and 
Brownsville. Concerning this species, Dyar (1928) 
stated the following, “Rio Grande Valley of Texas 
and presumably on the Mexican side of this valley 
also. The larvae live in the water in tree holes. This 
species is known only from the Rio Grande Valley, 
where triseriatus does not occur.” 


Aedes thibaulti Dyar and Knab 

Aedes thibaulti is one of the common 
more restricted mosquitoes in the southeastern United 
States. It has some unique breeding habits which 
make it both interesting and of local. importance. 
It is not commonly encountered, but is a severe 
biter where it occurs in the tupelo gum and cypress 
swamps. No investigations have been carried on with 
this species to discover whether or not it transmits 
any disease of importance to man. 


less and 
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Fig. 2. Distributions of Aedes thibaulti and Aedes 


alleni. 


This species has specialized breeding habits which 
restrict it to the Tupelo Gum and Cypress Associa- 
tion in flooded swamps. The distribution map shows 
it to be restricted to the coastal plain and river flood 
plains where this plant association occurs. The rec- 
ords in northern Alabama at Wilson Dam are in 
tupelo gum swamps, where, according to Shields 
(1938), it is locally common. The breeding takes place 
in the ground water in the large cavities at the hollow 
base and root cavities of the trees or in stump holes 
in marshy areas subject to flooding. Studies have 
been made by Shields & Lackey (1938); Horsfall 
(1939); and Carpenter (1941) which show that the 
species is quite specific in its breeding to the type 
of basal cavity found in tupelo gum, Nyssa aquatica 
Marsh., black gum, Nyssa biflora Marsh., and sweet 
gum. The larvae also occasionally occur in cypress, 
Taxodium distichum Rich., which has a similar type 
of basal cavity. Other kinds of trees with basal 
cavities in the same swamps were checked, but no 
larvae were reported. It was also observed that the 
large cavities in the gum trees contained larvae only 
when they were so near the ground level that they 
were subject to flooding or stood in semipermanent 
Smaller holes in the gum trees above over- 
Larvae were found 


pools. 
flow level did not contain larvae. 
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plentiful by Carpenter (1941) underneath a partly 
submerged log which was located approximately one 
hundred feet from a tree eavity. The larvae have 
also been collected on one occasion from rock holes 
in a stream bed in North Carolina, by Schoof & Ash- 
ton (1944), and in spring ground pools by Dyar 
(1928). The larvae are not found in the open 
lighted water in the tree hole, but occur back in the 
dark hollows of the roots and in dark areas at the 
side of the hole. The larvae are sometimes reddish- 
brown in color and fairly active, usually being found 
near the surface of the water. When disturbed, they 
go down from the surface of the water, especially 
into the root eavities. Collecting is best done with 
a long handled dipper which will reach back into 
the dark recesses of the tree cavity. The larvae 
are found in winter and early spring. In Arkansas 
larvae were collected from December to May. In 
northern Alabama, Shields & Lackey (1938) collected 
the larvae from Mareh to late May. Fourth instar 
larvae have been collected at Aliceville, Alabama, 
April 8. The difference in time of occurrence can 
probably be explained by differences in temperature 
of the water as well as by differences in the fluetua- 
tion of the water levels. The rainfall and flooding 
may determine the time breeding occurs, and while 
only one generation occurs per year, there may be 
several broods, two broods having been observed at 
one time in the same eavity. 

The winter is passed in the egg stage, and hatching 
oceurs as soon as the eggs are subjected to flooding 
at the hatching temperature. The eggs are probably 
laid on the inner walls of the basal eavity of the 
tree in the summer, and remain viable until winter 
or early spring, when they are flooded. The eggs un- 
doubtedly remain viable for more than one year in 
the field, since Horsfall (1939) observed that eggs 
laid in 1935 had no opportunity to hatch in 1936 be- 
sause the cavities were not flooded, and no adults 
were collected that year. In 1937, larvae were again 
collected in these places in late February after flood- 
ing by winter rains. This delaved development would 
enable the species to endure unfavorable weather con- 
ditions of one or possibly more years. 

The adults are found from Mareh to the middle 
of June and are most common in April and May. 
They are usually encountered in thickets and woods 
near the breeding places. Thibault (1910) reports 
finding oceasional adults also about dwellings and 
buggies. The adults of this species, especially the 
males, are the first mosquitoes eneountered in the 
season in Arkansas, followed by <A. canadensis 
(Theob.). The adults remain close to the tree from 
which they emerged and bite viciously when one 
comes within their range. Horsfall (1939) states 
that the adults were not collected over fifty feet from 
the trees near the water course along which they de- 
veloped, although they ranged up and down the 
stream for greater distances. He states that this 
with the small number of suitable breed- 
and the woodland habit of the adults 
species to be localized and not widely 


habit, along 
ing places, 
causes this 
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spread over its range. According to Horsfall (1939), 
the females are quite vicious and the bites are pain- 
ful, causing wheals which remain a day or more. 
Resting specimens in the cavities were rarely ob- 
served to bite. Carpenter (1941) states that they are 
fierce biters, attacking at mid-day but are somewhat 
wary about feeding and will frequently fly around 
for several minutes, apparently seeking a favorable 
place to take a blood meal. The female is difficult 
to capture during this procedure but is easily eap- 
tured after the feeding has begun. A slight pain 
an be felt at the time the proboscis is entering the 
skin, but only a slight irritation remains after feed- 
ing has been completed. Hollow stumps and trees 
in marshy areas near breeding places are favorite 
resting places for adults. The adults are rarely eol- 
lected in light traps; only two males and no females 
have been taken by this method by the Fourth 
Service Command Medieal Laboratory. 

This species is not of much economie importance, 
since it is not known to earry any diseases, nor is it 
common enough in populated places to be considered 
a pest. It is of most interest because of its ecompara- 
tive rarity and unique breeding habits. No control 
has been suggested or needed to date, although sprav- 
ing diesel oil or DDT on the water and sidewalls 
inside of hollow gum and eypress trunks would un- 
doubtedly effeet control. 

Aedes triseriatus (Say) 

Not only is this species the most abundant of the 
tree hole breeders in North America, but it is a seri- 
ous biting pest in many loealities. It is also of 
medical importance to man since it has been shown 
experimentally to be a veetor of yellow fever and 
of eastern equine encephalomyelitis. 

Yellow fever has been transmitted experimentally 
by Aedes triseriatus, Bennet, Baker, & Sellards 
(1939). It was shown experimentally by the Harvard 
Medical School in 1939 that A. 
m't the eastern variety of the virus causing equine 
encephalomyelitis. A detailed study of this species 
made by Feemster & Getting (1941) in relation to 
the transmission of this showed that A. 
triseriatus was fairly common in the areas where out- 
breaks oceurred. Adults were frequently collected in 
houses while biting human beings, although they 
were much more abundant in wooded areas. It has 
been suggested that people should refrain from en- 
tering woods, and horses should be removed from 
pastures near woods during outbreaks of this disease, 
of which A. triseriatus is suspected as a vector. 


triseriatus ean trans- 


disease 


This species is widespread and oceurs throughout 
the deciduous forest and across the great plains in 
the North. The northern boundary extends from 
northern Maine to Montana, and the limiting factors 
are unknown, since the species overwinters in the egg 
stage in the North. The southwestern boundary of 
the range is partly limited by the great plains. This 
breeds in still water containing organie 
matter, usually in a tree hole or hollow stump. The 
larvae also oceur in impounded water containing 


species 





38 DaLE W. JENKINS AND 


organie debris, or in almost any artificial container 
in or near woods, even being found in eans in a 
dump. It is occasionally abundant in cemeteries, and 
was found breeding in the water in a hollow pipe 
fence post. This species is the most domesticated 
of the tree hole breeders and shows the same transi- 
tion of breeding habitat (although to a much lesser 
extent and in wooded areas) as the fully domesticated 
Aedes aegypti in North America. 

This species breeds in holes in many kinds of 
deciduous trees. The kinds of trees from which the 
writers have collected larvae of this species are: 
sweet gum, tupelo gum, tulip tree, Liriodendron 
tulipifera L.; Mississippi hackberry, Celtis laevigata 
Willd.; pecan, Carya pecan Engl. and Graeb.; beech, 
Fagus grandifolia Ehrh.; sandbar willow, Salix longi- 
folia Muehl.; red maple, Acer rubrum drummondi 
Sarg.; water oak Quercus nigra L.: sweet bay, Persea 
borbonia L.; ironwood, Carpinus caroliniana Walt.; 
hornbeam, Ostrya virginiana (Mill.) Willd.; white 
oak, and elm. The larvae have been found in large 
numbers by Matheson (1944) in the water of honey 
cavities in tree holes and also in the water of the 
pitcher plant, Sarracenia purpurea L. 

The larvae are active voracious feeders. Third 
and fourth instar larvae collected at Atlanta, Georgia 
on February 10, were observed by the authors to eat 
quantities of tree hole species of rotifers and the 
protozoans Vorticella, Paramecium, and Hypotri- 
chium, also a small species of nematode and a species 
of Cyclops. Quantities of organic debris were ingested 
along with the above-named animals. Growth takes 


place rapidly under warm conditions. but is quite 


slow in cold weather. Second, third, and fourth 
instar larvae have been collected during the winter 
months in Louisiana and Georgia. In the southern 
part of its range the species overwinters in the 
larval stage and perhaps in the egg stage, but in 
the North, as in Minnesota, Owen (1937) states that 
the species overwinters in the egg stage. 

The larvae are active and deliberate in their move- 
ments. They are negatively phototropic. and do not 
respond to movement near them. unless the ght is 
affected. A sudden decrease in light causes the re- 
sponse of swimming from the surface to the bottom, 
and an increase in light causes the same reaction, but 
the response is not so rapid. The larvae are able 
to remain at the bottom for two or more and up to 
seven minutes if kept disturbed from the surface. 
The larvae also respond to the stimuli of jarring 
and loud noises. Almost any stage of the larvae 
may be found throughout the year in the South. 
In the North, the larvae are not observed until about 
May or June and can be collected until September. 
There are several broods per year. The pupae are 
quite active and this stage lasts from three and one- 
half to seven days under natural conditions, but only 
three days in the laboratory at 80°F. They are nega- 
tively phototropie and show the same responses as 
the larvae. 

The eggs are black, flattened on one side and have 
hexagonal sculpturing. Ninety-four nearly mature 
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eggs were counted in the abdomen of a blood fed 
female before oviposition had occurred. It was found 
that females in captivity contained maturing eggs 
only after being engorged with a blood meal and that 
eggs did not develop in females fed strictly on honey 
or sugar solution. The eggs of <A. triseriatus were 
observed to be laid upon the sides of the eavity just 
above the water line, singly or in groups of two to 
five, with the long diameter upright and attached 
firmly to the surface, as described by Howard, Dyar, 
& Knab (1917), who found that the eggs hatched 
after becoming wet early in the breeding season, but 
did not hatch when flooded late in the season. The 
eggs remain in a state of hibernation and hateh only 
when covered with water at favorable temperatures. 
It is apparent that the length of day determines the 
period of dormancy. Baker (1935) ran an experi- 
ment with one batch of overwintering eggs of A. 
triseriatus exposed to normal winter day length, 
and a second batch exposed to normal winter day 
plus seven hours of artificial light. The temperature 
and other factors were constant. The batch in the 
normal day length did not hatch, while the batch 
exposed to additional light hatched. It is perhaps 
surprising to find this photoperiodic effect on the 
hatching of eggs which are usually found under 
natural conditions in dark recesses in tree holes. 

The adults are commonly encountered in the wood- 
lands from May to September. They are occasionally 
serious pests since they are readily disturbed in the 
daytime and are active biters. The bite is painful 
and the irritation may last for some time. This is 
one of the more important species of woods mosqui- 
toes in the central and western part of the deciduous 
forest area, especially in the drier Oak-Hickory and 
former Oak-Chestnut Associations. The males usu- 
ally emerge before the females. They are often seen 
resting on vegetation or in tree holes, but very little 
is known of their habits. The females may be found 
resting in the daytime but readily attack warm-blood- 
ed animals when their haunts are invaded. The fe- 
males bite readily in eaptivity, and both males and 
females will feed on sugar water. The sex ratio of 
a winter brood in Georgia was two males to one 
female. The adults are crepuscular and fly mainly 
during the early morning and evening hours but 
probably not much at nighj, since they have not 
been taken in night biting catches. The adults are 
positively phototropic and often orient themselves 
facing the light. The males are rather frequently 
taken in light traps, and females readily enter chim- 
neys and cracks in houses that are located in wooded 
areas. 

It is possible that control of this species may be 
necessary in a few areas, especially those in which 
outbreaks of eastern equine encephalomyelitis oceur. 
John A. Carollo, of the Fourth Service Command 
Medical Laboratory, and the senior author have ear- 
ried on experiments which show that the larvae of 
this species are readily killed by low concentrations 
of DDT, and this may be recommended for painting 
or spraying in the tree holes to effect prolonged 
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control. Permanent control is obtained by cleaning 
and filling the holes with tree cement, or providing 
drains from the bottom of the tree holes. 

Aedes triseriatus var. Hendersoni Cockerell 

This variety is probably an ecological variation of 
A, triseriatus, correlated with humidity and tempera- 
ture. The variety has a narrower median black stripe 
on the thorax, and the anterior part is at least two- 
thirds covered with silvery seales. It was deseribed 
from two females collected at Box Elder Creek, nine- 
teen miles west of Douglas, Wyoming, on August 
25, 1917. Dyar did not consider these to be sub- 
specifie differences, but stated that Montana speci- 
mens of A. triseriatus also had the silvery lateral 
areas of the mesonotum enlarged. The senior author 
compared a series of one female paratype from 
Douglas, Wyoming, three females from Glendive, 
Montana, and one female from Missoula, Montana, 
all in the U. S. National Museum collection. While 
the difference is somewhat distinctive, other speci- 
mens from Minnesota to Georgia and Florida showed 
an intergradation with typical A. triseriatus, having 
less silvery sealing. The well-developed silvery areas 
appear to be developed in the arid West and reduced 
in the more humid Southeast. The validity of this 
variety cannot be determined until a larger series 
of specimens from Colorado, Nebraska and the Dako- 
tas can be compared. No male adults or larvae were 
available for comparison. 

Aedes varipalpus (Coquillett) 

This species, sometimes called the western tree hole 
mosquito, is a fairly common biting species found in 
wooded areas in the Pacific States, Nevada, Arizona, 
and British Columbia. It is an occasional pest in 
residential homes and recreation areas in heavy 
forest. It has not been discovered as yet to be of 
importance as a vector of any diseases harmful to 
man, 














Fig. 3. Distribution of Aedes triseriatus and Aedes 


varipalpus. 


The larvae are found in tree holes in wooded areas. 
They have been collected most commonly in oak trees, 


especially live oak, Quercus agrifolia Nee.; valley 
oak, Quercus lobata Nee.; and Cal'forn‘a laurel, (m- 
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bellularia californica Nutt. They frequently oceur 
in the western cottonwood, Populus fremontii Wats. ; 
sycamore, Platanus racemosa Nutt.; willow, maple, 
eucalyptus and several other kinds of trees. The 
larvae are occasionally found in artificial receptacles, 
as cemetery urns, water barrels and tin eans. 
The larvae are often found at the bottom of the 
water with their heads buried in the sediment. 
Howard, Dyar, & Knab (1917) state that they are 
slow in their motions, rather sluggish, and ean re- 
main below the surface for a long time beeause of 
the remarkably developed leaf-like, inflated anal gills. 
The whitish larvae swim in the water with a snaky, 
chironomid-like according to Freeborn 
(1926). He finds their developmental period quite 
long, taking from one to seven months, and with an 
intermingling of broods that have two pronounced 
peaks, one in the early summer and another in the 
fall. In the fall the adults deposit eggs which pro- 
duce larvae that overwinter. In May of the follow- 
ing spring, these larvae were full grown and pupated 
and slowly emerged as adults in late May or June. 
The eggs of this generation were thought to be re- 


progress, 


sponsible for the fall generation, but on account of 
the straggling of early summer emergences, this was 
not definitely determined. Reeves (1941) found lar- 
vae of A. March 21 and July 2 
in tree holes of cottonwood and willow in company 
with Orthopodomyia signifera and Culex quinque- 
fasciatus. 


varipalpus on 


According to Dyar (1922) the winter is passed in 
the egg stage. Herms & Gray (1944) cite that the 
eggs are laid on the side of the hole just above the 
water surface and are deposited singly or separately 
in irregular groups onto the side wall of the tree 
hole as the female mosquito walks around the periph- 
ery just above the water surface. The eggs hatch 
when covered by rising water in the hole, provided 
the oxygen content of the water is sufficiently low. 
Reduction of dissolved oxygen in the water is said 
to be an important stimulus in the hatching of the 
eggs of this species. There is some evidence by Free- 
born (1926) that the eggs may drop off after a 
period of desiccation or as an alternative may hatch 
without actual wetting and the larvae fall into the 
water below. 

The adults fly in the daytime, usually in wooded 
areas near the breeding places, and both the males 
and females are attracted to human beings and other 
warm-blooded animals. The females bite readily 
and cause a painful reaction. Hearle (1926) states 
that the females are timid in approaching human 
beings. The adult mosquitoes are found most e¢om- 
monly in July and August and have been collected 
from May 16 to August 25. The males of this 
species have the unique habit of being attracted to 
warm-blooded animals, where they form small 
and perform a mating dance while await- 
When a female 


swarms 
ing the females that come to bite. 
arrives, the males have been observed to seize the 
females and the pairs fly off in a downward diree- 
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tion in copulation which lasts a few seconds. This 
has also been observed to take place while the female 
was at rest feeding. Although the males cannot pierce 
the skin, they alight and give every indication of 
preparing to bite. 

Control of this mosquito is not generally indicated, 
although in the southern part and central valley of 
California it is a pest at times, especially in wood- 
land and recreation areas. These mosquitoes oceur 
wherever the types of trees in which they breed are 
found. Since the females are quite small, they can 
easily pass through a fourteen or sixteen mesh screen. 

Herms & Gray (1944) recommend tree surgery as 
the most satisfactory method of combating these 
pests. The holes should be cleaned and filled with 
cement. Good control was also obtained by painting 
undiluted cresylic acid larvacide in the holes, especi- 
ally on the inner side walls. DDT may prove to be 
quite effective because of its strong residual effect. 

Orthopodomyia signifera (Coquillett) 

The tropieal genus Orthopodomyia extends north- 
ward into the United States, where it is represented 
by two species, O. signifera, which is widespread and 
common, and OQ. alba, which extends over the same 
range but is extremely rare and local. These mos- 
quitoes are seclusive, usually being found only around 
tree holes and occasionally in light traps. They have 
not definitely been proven to bite human beings, al- 
though a few records of biting have been reported. 
There are no records of this mosquito being a vector 
of any disease. 

















Fic. 4. Distribution of Orthopodomyia signifera and 
the larval and adult records of Orthopodomyia alba. 


O. signifera is widely distributed, being found 
throughout the eastern deciduous forest. Its north- 
ern boundary runs from Massachusetts to northern 
California and is probably limited by cold tempera- 
tures and long winters. The known range is discon- 
tinuous, since the species has not been reported from 
the desert or great plains between California and a 
line from Nebraska to Texas. This species is also 
known to oecur in Puerto Rico, Jamaica, and Cuba. 

The larvae have been found in rot holes in many 
types of trees. This species is not restricted or 
limited to any particular kinds of trees and may be 
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found in its range in nearly any type of tree hole 
containing water. The authors have collected larvae 
from the following species: tulip tree, Mississippi 
hackberry, pecan, water oak, white oak, tupelo gum, 
sweet gum, beech, sand bar willow, red maple, and 
hornbeam. In California the larvae have been col- 
lected from the western cottonwood, live oak, and 
willow. While O. signifera larvae are usually found 
in tree holes and hollow stumps containing water, 
they occasionally oceur in water barrels, wooden 
containers, and in tin cans, especially in wooded 
areas. 

The larvae are very active feeders. They eat large 
quantities of organie debris and have been observed 
by the authors to eat many tree hole rotifers and 
the protozoans Vorticella, Paramecium, and Hypo- 
trichia. Some interesting experiments by Reeves 
(1941) indicate that the color of the larva is depend- 
ent upon the food it consumes. He states, “The 
character of hypodermal pigmentation given as pink 
or purple for O. signifera and lacking for O. alba 
has been found in California to depend upon larval 
diet. In sunny tree holes an abundant growth of 
Thioeapsa, a rose-pink pigmented bacterium occurs. 
Larvae from holes containing this pigmented organ- 
ism have a purple or pink hypodermal coloration. 
Removal from such a hole and changing to a yeast 
diet results in loss of this pigmentation and they 
become yellow to brown. These larvae, when placed 
in a container with the pigmented organisms become 
pink again within a week.” This is of especial im- 
portance in relation to identifying the two species. 
In the southeastern United States, green-eolored lar- 
vae, which probably contained green algae, have been 
collected. 

The winter is passed in the larval stage, at least 
in the southern part of the range. Matheson (1944) 
states that O. signifera larvae all die when frozen, 
but that O. alba larvae ean pass the winter frozen 
in ice. Active feeding larvae have been collected by 
the authors during the winter months in Louisiana, 
Arkansas and Georgia. Baker (1935) experimented 
with the effect of length of day on hibernation of 
the larvae in the northern part of the range. One 
lot exposed to normal December daylight never be- 
came active, while another lot exposed to the same 
daylight plus seven additional hours of artificial light 
were active and quickly completed their develop- 
ment. All other factors were constant. In England, 
Marshall (1938) reports that larvae of the closely 
related O. pulchripalpis (Rondani) were placed in a 
warm room in the winter, but would not pupate until 


spring. In an attempt to corroborate these experi- 
ments, the authors collected third and fourth instar 


larvae on February 9, 1945 near Atlanta, Georgia 
and placed them in an insectary having a constant 
temperature of 80°F. They were kept in total dark- 
ness except for about one hour per day of artificial 
light. The larvae actively fed on tree hole organisms 
and ground dog food, pupated on February 18, and 
after four days emerged as normal adults. Aeecord- 
ing to this experiment, it appears that light does not 














January, 1946 





affect the time of hibernation in February, at least, 
in the southern part of the range, but that tempera- 
ture is the main factor. Both the larvae and pupae 
of this species are negatively phototropie. 

O. signifera larva are rather unique in that dor- 
sal selerotized plates are found on abdominal seg- 
ment 8, and often on 6 and 7. There is much varia- 
tion in the presence of these plates and a summary 
of the variation found in the fourth instar larvae is 
presented in Table 1. 


TABLE 1. Variation in number of dorsal plates. 





NUMBER OF LARVAE 








Abdominal |————-—,-—_—_—_—_____ —-——-——- 
segment | South- Total 
number | | eastern number 
| California North | United of larvae 
| Carolina | States 
 ) Saree |}60+3 | 32 | 82 177 
oC rere 1368 + 58 — 3} 17 56 496 
210 


oe 243-58 | 2 “3 


| 
| 


The specimens from North Carolina were checked 
by Schoof & Ashton (1944) and the California speci- 
mens by Reeves (1941) who also found that plates 
are added during the fourth instar without moulting 
and are “apparently a hypodermal deposition, the 
physiological nature of which is unknown.” It will 
be noted that 58 larvae added plates on segment 7, 
and 3 added plates on segment 6. The specimens 
from the Southeast were representatives of 22 loeali- 
ties which were checked by the senior author. In the 
Southeast, there appears to be a tendeney toward 
more dorsal plates than in the Southwest. The fune- 
tion of these plates is unknown. 

The eggs have been described by Howard, Dyar, 
& Knab (1917) as black in color and covered with a 
gelatinous membrane with many transverse ridges 
which overlap on either side of the egg, forming a 
means of attachment. The eggs are laid singly or in 
twos or threes on their sides in a vertical position, 
close to the waterline on the side of the cavity con- 
taining the water. Eggs were laid in a glass beaker 
in the laboratory by uneaught females from outdoors. 
These eggs hatched in three days and the larvae de- 
seended into the water, passing through the first 
larval stages rapidly, but development on the whole 
was not rapid. In southeastern Arkansas, Horsfall 
(1937) found larvae active throughout the year, but 
they were most abundant in summer and fall and 
then decreased in number. He states that sinee the 
oviposition takes place on the water, the rise or 
fall of water in the tree holes did not affect the 
abundance of the larvae. 

The adults appear to be inactive and are usually 
found resting on a tree trunk near the tree hole or 
inside the hole. They are quite inconspicuous and 


the dark gray mottled color conceals them well, es- 
pecially since they are secretive and hide in crevices 
in the bark. The question as to whether this species 
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bites human beings is still debated. Nearly all re- 
ports state that these mosquitoes have never been 
known to bite man, but a few observers report a 
single female biting on oceasion. Thibault (1910) 
states, that the species enters dwellings and bites fre- 
quently. Females of this species from Louisiana, 
Georgia, and Florida have been starved in eaptivity 
by the senior author for over a week, but they would 
never attempt to bite an arm, although both males 
and females readily feed on honey. The males usually 
appear first from a brood. The adults are mostly 
erepuscular in activity. They are positively photo- 
tropie and at times orient toward the light, but in- 
frequently come to light at night. O. pulchripalpis 
ceecurs in Europe and is very similar to O. signifera. 
Marshall (1938) states that adults of this European 
species were kept in captivity several weeks and fed 
apples or raisins, but they would not breed. The 
females in captivity would not bite man, birds, toads, 
or invertebrates such as earthworms or slugs. 

O. signifera is not known to be harmful to man 
in any way, being only a rare biter, thus no control 
has been indicated. Natural control of the popula- 
tion probably oceurs to a large extent by the larvae 
of Megarhinus r. septentrionalis which are predacious 
on the Orthopodomyia larvae. 

This species is of interest in relation to its toler- 
ation of DDT. Unpublished experiments by John A. 
Carollo, Fourth Service Command Medieal Labora- 
tory, carried on with larvae from Laurinburg-Maxton, 
North Carolina, showed that some larvae of O. signi- 
fera can withstand a concentration of 0.3 ppm. of 
DDT in distilled or tree hole water for 48 hours. 
This is about 300 times as high a concentration as 
is required to kill Aedes aegyptia in the same time. 
This same concentration in tree hole water containing 
Aedes triseriatus gave a hundred percent kill. 

Orthopodomyia alba Baker 

This species is one of the more recently described 
mosquitoes of the eastern United States. It has been 
known since 1936 and has aroused interest each time 
it has been collected. It is quite rare, restricted, and 
local, and oceurs over most of the range of O. signi- 
fera, to which it is very closely related. The larvae 
appear to be distinct, although intergradation oceurs 
in several of the characters originally described as 
separating it from O. signifera. 

The adults of O. alba are difficult to distinguish 
from O. signifera. The characters in Table 2 have 
heen used to separate the adults of the two species, 
but they are not always reliable. 

The cuticula of the first abdominal tergite was found 
to vary from yellowish to purplish-brown in a reared 
series of O. signifera. The second abdominal tergite 
probably furnishes the best separation charaeter, 
and Schoof & Ashton (1944) found this character to 
hold for reared North Carolina specimens. In Cali- 
fornia, Reeves (1941) reared series of O. signifera 
larvae into adults having the second abdominal ter- 
gite white or with black lateral triangles as in QO. 
alba, and only 20% had a continuous apieal black 
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TaBLE 2. Characters that differentiate adult Ortho- 


podomyia. 





| 


Adult Character | O. signifera 








Cuticula of first abdominal 


ee .....++--| Yellowish Purplish-brown 


Basal white band, 
black scaling api- 
cally forming a 
black band 


Almost entirely pale scaled ex- 
tending to apex in middle of- 
segment, triangular black api- 
cal areas laterally 


Second abdominal tergite . . 


White basal tri- 
angular patches 
laterally 


Abdominal tergites from 
third segment posteriorly 





Continuous white basal bands 








band as in O. signifera. The abdominal tergites from 
the third segment posteriorly in O. signifera may 
have white basal bands or lateral white spots accord- 
ing to Sehoof & Ashton (1944). All of the above 
characters were found by the present writers to vary 
in both species, and the males which have a greater 
amount of white coloration, more frequently show 
O. alba characters than females. Typical O. signifera 
larvae have been reared into adults of which the 
males show all the characters of O. alba. One speci- 
men of Orthopodomyia, which had an entirely white 


abdomen, was collected from near New Orleans, 
Louisiana. It was coneluded that there are no known 


adult characters which can be used to differentiate 
the two species. 

The larvae are more distinct and may be separated 
by the characters in Table 3. 


TaBLE 3. Larval characters separating the species of 
Orthopodomyia. 














Larval character | O. alba | O. signifera 
ee ee aare Seco wes A ree | Usually red, cream to pur- 
| phish 
| err Absent on seg. 6,7,8..... | Present on seg. 8, usually 


| on 6 and 7 

Rows equal, or to 34 Posterior row seldom ex 
length of anterior row. . ceeds 14 anterior row 

..| 1742 (Baker) 

17—24 (Schoof) 


Posterior vs. anterior 
rows of comb teeth... .| 
Teeth in anterior comb..| 11+ 2 (Baker)........ 
| 11—17 (Schoof)........ 

118 (Shields)........ 





17—23 (Jenkins) 


i 
= 
= 
& 


Lateral hairs of abdomi- | 
nal segs. | and 2.... Double or triple, long. ...| Multiple, shorter 
Trans-sutural tuft. . EINES 3 5s So 'oencaccee Single 
Sub-basal tuft. .... . | Conspicuous, 7-11 Inconspicuous, 1-3 
bennohes............ branches 
Pre-antennal tuft ult NIRS ca éasxnsnsd> Minute 
Sub-siphonal tuft and 
Siphonal tuft........ Foci: Se eee 5-12 hairs 








The variation of color and number of dorsal plates 
of the larvae were discussed under O. signifera. The 
number of teeth in the anterior comb show much 
variation but are of value in separating the species. 
The comparison in length of the posterior vs. the 
anterior row of the comb was found by Schoof & 
Ashton (1944) to be a good character for separating 
North Carolina specimens, and the present authors’ 
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larval specimens from Louisiana, Missouri, and Mis- 
sissippi agree in this character. The remaining tuft 
and hair characters were all found to be reliable, but 
were frequently on the borderline of the two species. 

The larvae of O. alba have been collected from 
tree holes in sweet gum, in Alabama by Shields & 
Miles (1937); from peean, at New Orleans, Louisiana 
by Dr. E. 8. Hathaway, Capt. Philip Harden, and 
the senior author; and from silver maple, Acer sac- 
charinum L., by Dr. Herbert Ross in Illinois. Larvae 
were found by Schoof & Ashton (1944) in an old car- 
bide eannister which was sunken in the ground at 
Manchester, North Carolina. A larva was collected 
from a hole in a stump that extended above the sur- 
face of an artificial fresh water lake by Dorsey 
(1944) at Williamsburg, Virginia. 

The larvae of O. alba have always been found to 
be associated with O. signifera in all reported collec- 
tions. It is possible that O. alba is a genetic varient, 
or that it is a well marked and distinct extreme of the 
natural variation of O. signifera. It is noteworthy 
that all but one of the records were taken late in the 
season. Matheson (1944) states that the distribution 
of O. alba is not known and that the only record 
besides Ithaca, New York, is Wilson Dam, Alabama. 
Other records, however, of the occurrence of the 
larvae have been reported, and since this species is 
so rare and restricted to date, all of the known 
records of locality and the dates of collection of the 
larvae have been assembled below. 














Locality Authority Larvae Date 
New Yorr 
Ithaca........ Baker (1936), Matheson (1944). .|Several} Winter 
NortH CaroLina 
Manchester Schoof & Ashton (1944) ..... 15 Sept. 18, Oct. 16 
Fort Bragg. ....| Middlekauff & Carpenter (1944) 1 Sept. 18, Oct. 29 
Bradley, et al. (1944) ..........| 1 | Sept. 18 
Laurinburg- | 
Maxton. .... (unpublished). . . | 1 Aug. 7 
VIRGINIA 
Williamsburg. . .| Dorsey (1944)........... | 1 Nov. 13 
MISSISSIPPI 
Camp Shelby. ..| Middlekauff & Carpenter (1944) 1 Aug. 10 
Missourt 
Camp Crowder .| Gurney (1943).............. Severa'| Oct. 6 
St. Louis Co... .| Day (1943)............. te 3 
LovisiaNa 
New Orleans... .| (unpublished). . Several] Dec. 5 
ALABAMA 
Wilson Dam Shields & Miles (1937). 6 June 25, Aug. 4 
ILLINOIS 
Onarga Ross (unpublished). ..... . : Several years 
Kentucky 
Fort Knox....| Kitzmiller (1945).... 22 | Aug. 22-24 














The only locality records which are recognized in 
this paper are those based on determinations of lar- 
vae, since the identification of the adults is not cer- 
tain. Reports of the occurrence of O. alba adults 
have been published or submitted from localities 
where no larvae have been taken, and these are 
shown on the map of the distribution of this species 
by a separate symbol. Published records of localities 
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based on adult determinations are: Montgomery 
County, Alabama, by Middlekauff & Carpenter 
(1944); Bay County, Florida; Lowndes County, 


Grenada County, and Montgomery County, Missis- 
sippi, and Robeson County, North Carolina, by Car- 
penter, Chamberlain, & Wannamaker (in press) ; 


and Fort Leavenworth, Fort Riley, and Camp 
Phillips (Salina), Kansas by Olson & Keegan 
(1944). 
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Fig. 5. Distributions of Megarhinus r. septentrionalis 
and Megarhinus r. rutilus. 


The mating habits, egg laying and other habits 
of this species have not been observed, but they are 
probably the same as for O. signifera. The larvae 
are usually found in deeply stained tree hole water. 
In comparison with O. signifera, they usually move 
slower, and remain longer at the bottom of the tree 
hole. In the vicinity of Ithaca, New York, Matheson 
(1944) states that O. alba passes the winter as larvae 
frozen in the ice in the tree holes. 

Megarhinus rutilus septentrionalis Dyar and Knab 

The genus Megarhinus is almost entirely limited to 
the tropics, and M. r. septentrionalis is its most north- 
ern representative. It is found in the southeastern 
part of the United States, where it is locally common. 
While the adults are the largest mosquitoes in North 
America, they do not feed on blood and are not 
carriers of any diseases of man. The larvae are some- 
what beneficial since they are predators on some 
pest mosquito larvae, such as A. triseriatus. 

This mosquito is generally distributed over its 
range in the eastern United States from New Jersey 
to northern Florida and west to the great plains in 
Kansas and Texas. The northern edge of the range 
may be determined by the longer winters and lower 
temperatures through which the fourth instar larvae 
must survive. The larvae breed in tree holes or rot 
holes, hollow stumps and water butts, and various 
artificial containers. The breeding of this sub-species 
is not restrieted to any particular kinds of trees, and 
larvae and pupae have been collected by the authors 
from tree holes in the following species: sand bar 
willow, red maple, sweet gum, Mississippi haekberry, 
and water oak. The sub-species has also been found 
breeding in artificial containers such as wooden tubs, 
rain barrels, tin cans, and stone or glass jars, in or 
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near wooded areas. Howard, Dyar, & Knab (1917) 
report that larvae were once found in a water-filled 
rock hole where they were associated with Aedes 
atropalpus (Coq.). If the larvae are collected and 
brought into the laboratory, they may be reared satis- 
factorily by keeping them in tree hole water and 
feeding them on other tree hole mosquito larvae. It 
was observed that some larvae died when they were 
placed in sewage contaminated water or tap water 
that contained approximately 0.3 ppm. of chlorine. 
The larvae are large, reddish-brown to purple colored, 
and are predacious on other mosquito larvae and 
cannibalistic on their own species. The mouthparts 
are adapted for predation since the hairs of the 
mouth brushes are modified into ten strong, prehen- 
sile, curved rods which are used in grasping and 
holding the prey while it is being eaten. The usual 
food of these larvae is the larvae of Orthopodomyia 
signifera, O. alba, Aedes triseriatus, and Anopheles 
barberi. In India, M. splendens (Wied.) has been 
observed by Barraud (1934) to be eannibalistie when 
no other food is available, and that it is unusual 
to find more than one fully grown larva in a bamboo 
er tree hole unless the hole is very large. as in a 
water butt, large earthenware jar, or a hollow tree. 
He found that when larvae of other species were ab- 
sent, M. splendens larvae seized and sucked drv 
pupae of their own species. In Louisiana the senior 
author collected five fourth instar M. r. septentriona- 
lis from a small willow tree hole of about eight eubie 
inches in which no other species of larvae were 
found. These larvae were purposefully starved in 
the laboratory for several weeks but did not eat 
each other. They were later fed on OQ. signifera 
larvae which they ate voraciously, but they did not 
readily accept larvae of Culex quinquefasciatus. The 
larvae have also been observed to feed on all instars 
of Aedes triseriatus. Seeond or third instar 
eaten first, but fourth instar Megarhinus larvae eat 
fourth instar larvae of some other species readily. 
The larvae are consumed alive and quite rapidly, 
usually being taken head first, but may be seized at 
any part of the body. When studying cleared 
mounted slides of Megarhinus larvae, it is often pos- 
sible to find undigested chitinous remnants of larvae 
in the alimentary tract. 

The larval development passes through the- usual 
four instars, but takes a longer period of time than 
most other species of mosquitoes in the nearctie 
region. The eggs hatch in about two days and the 
larval development usually takes several weeks. The 
larvae swim backward with a jerking sidewise mo- 
tion. They are readily disturbed by outside move- 
ment, change in light, or disturbance of the water. 
They spend much of the time at the surface of the 
water and may hang from the surface film either 
horizontally or in a somewhat angular position. 
When disturbed, the larvae go to the bottom and can 
remain there for two or three minutes. 

Hibernation takes place in the fourth instar and 
may he induced by lowered temperature and by lack 
of sufficient food at a fairly low temperature. This 
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is corroborated by Hopkins (1936) who cites experi- 
ments in which larvae of M. brevipalpus Theob. have 
been kept alive ten weeks without any food, and of 
one larva which was kept alive (at 24°C.) for five 
months by limiting the supply of food. It appears 
from limited observations that pupation may occur 
in underfed larvae at higher temperatures resulting 
in smaller adults. Larvae may be collected at almost 
any time of the year, at least in the southern part 
of the range, and there are evidently several broods 
each year, since adults ean be collected from May 
until September. In southeastern Arkansas Horsfall 
(1937) found this species active throughout the year, 
but it was most abundant during summer and fall. 
He found that the rise or fall of water level in the 
tree holes did not affect the abundanee of the larvae, 
since the eggs are laid on the water surface. 

The pupation period has been observed by the 
writers to take place in four or five days, but some 
specimens, kept in a cool place during the winter 
after pupation had started, remained in the pupal 
state for twenty-three days and then emerged. The 
pupae are quite active and ean move rapidly. They 
are usually found at the surface film, but they ocea- 
sionally lie on their sides under the film. When dis- 
turbed by a decrease or increase of light, or by sud- 
den movement or jarring, the pupae rapidly swim 
by jerky movements to the bottom of the container, 
where they may remain two or three minutes. They 
rise easily to the surface of the water with no visible 
swimming movement. 

The adult mosquitoes are very brilliant, showy, 
day-flying insects with unusual habits. They are near- 
ly always found in deep woods, but occasionally a 
stray female will come into open area to a light. The 
adults feed on nectar and plant juices in nature, and 
a female was observed by Howard, Dyar & Knab 
(1917) feeding on the heney in flowers of hydrangia, 
Hydrangia arborescens L. No specimens kept in the 
laboratory were observed to feed on sweetened water. 
When flying, these mosquitoes make a loud charac- 
teristic buzzing or humming sound. The membcrs of 
this genus appear imposing as biters, since the pro- 
boseis is long and tapering, but it is bent, adapted 
for sucking, and cannot be used for piercing. The 
basal half of the proboscis is strongly chitinized and 
rigid, while the apical half is thinner and quite flexi- 
ble. Adults have been collected from June to October 
throughout most of their range, but in the extreme 
southern part they may rarely be collected at other 
times. It appears probable that there are more males 
than females, at least in the winter. Rearing experi- 
ments near New Orleans during November and 
December showed that there were almost twice as 
many males emerging from larvae as females. This 
has not been confirmed in any other localities. The 
males are collected only rarely in the field. They are 
found at flowers, or near the breeding place where 
teneral specimens are usually found. 

In Arkansas, Thibault (1910) observed that the 
males of a certain locality all congregated at a cer- 
tain tree or bush and could always be found there, 
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but no females were observed near the congregation 
of males either day or night. He discovered an 
aggregation of about “a hundred or so” males on 
some poison ivy that grew on a hackberry tree one 
hundred yards from tne breeding log. He could al- 
ways find them on the same buneh of leaves at this 
place just after their emergence and did not observe 
any of the males elsewhere in the field. These same 
habits were observed in other areas also. The females 
have not been observed to congregate like the males. 
The imagos are able to fly shortly after emerging but 
they remain teneral several hours. The females have 
been found resting near the breeding places during 
the period of emergence, and also at the time of egg 
laying. Adults also feed on the neetar of flowers 
during the daytime, and they have been seen entering 
houses during the daylight hours. 

The eggs are laid singly on the surface of the 
water, and Howard, Dyar, & Knab (1917) cite an 
observation of a female Megarhinus from Ceylon 
seen dipping up and down in the air above the sur- 
face of the water, which was probably the act of 
ovipositing, but this was not confirmed. Barraud 
(1934) states that the eggs are “dropped singly on 
the water while the insect is in flight, and float 
bouyantly by means of air-bubbles which form 
amongst tubercles.” Sinee only a few larvae are 
found in each tree hole, it was thought that perhaps 
the females laid only a few eggs. Dissection of fe- 
males which had not oviposited showed a fairly large 
number of eggs in the abdomen, one female contain- 
ing about fifty partially matured eggs and a mass 
of undeveloped eggs. 

Since this sub-species is not common and is en- 
tirely harmless to man, no control has been indicated. 
There is a possibility that it may be of some value 
for the control of pest or disease-earrying species of 
tree hole breeding mosquitoes. Paine (1934) suecess- 
fully introduced Megarhinus splendens (Wied.) into 
the Fiji Islands for the purpose of cheeking the 
breeding of other mosquitoes. This may be of value 
in controlling the tree hole breeding Aedes albopictus 
(Skuse) which is one of the main vectors of dengue 
fever in the Hawaiian and Philippine Islands. 

Megarhinus rutilus rutilus Coq. 

Although this mosquito was deseribed in 1896, 
nothing has been published on the life history and 
larva, except that the larvae are stated to occur in 
tree holes. This species is rare, locally restricted, 
and is known only in Florida and the southern and 
coastal region of Georgia and South Carolina. The 
factors limiting it to the extreme southeastern part 
of the deciduous forest are unknown. 

M. r. rutilus is very closely related to M. r. septen- 
trionalis and only the adult males have been separated. 
The two known differences from the sub-species are 
that the males of M. r. rutilus have the second seg- 
ment and basal two-thirds of the third segment of 
the fore-tarsi and fifth hind tarsal segment silvery 
white, while the fore-tarsi and fifth hind-tarsi of the 
males of M. r. septentrionalis are completely dark. 
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The senior author has studied the life histories, larvae, 
and adult male and female characters in detail; and 
as a result, considers the difference between the two 
Megarhinus of the United States to be sub-specific 
instead of that of full species. Series of intergrades 
have been found in the zone where the ranges of the 
two types of mosquitoes overlap. Further details 
of the taxonomy and intergradation are presented 
in a separate paper by Jenkins (in press). 

The distribution of this species has not been well 
known. It has been reported from several states 
based on wrong determinations of the females which 
cannot be differentiated at present. Definite records 
of occurrence based on male specimens showing the 
white markings on the fore-tarsi and examined by 
the senior author are from the following loealities: 








Locality Date Collector 
FLORIDA | 
Jacksonville. . of Mar. 3 to Aug. 27 | MCWA Coll. 
Tallahassee... . | Sept. 4 MCWA Coll. 
Deland. . ens | MCWA Coll. 
Georgiana (Type locality). | Howard et al. (1917) 
Orlando...... | King et al. (1944) 


USNM Coll. 
| USNM Coll. 


Rock Springs. . . . 
New Smyrna. . . 


| May 1 to Oct. 


Apopka Jtly 10.....5%. ......| RB. W. Burrel 
Bushnell........... | Aug. 24 to Oct. 6 .| Jenkins 
Brooksville Sept. 7 to Oct. 19. | Jenkins 
Floral City. .| Sept. 7. , Jenkins 
Rerdell......... | Sept. to Oct. 6. | Jenkins 
Lacoochee............ ey Jenkins 
GEORGIA | | 
Savannah. . ; | Feb. 19 to 28... a King et al. (1944) 
Thomas County (not seen)) Feb. | R. E. Bellamy 
Sourn CaroLina | | 
Myrtle Beach....... re Carpenter & Jenkins 


| (1945) 





Forty-five larvae, three pupae, and several adults 
of M. r. rutilus were collected by the senior author 
from six localities in central Florida. Eight fourth 
instar larvae were collected in an upland oak grove 
near Bushnell, Florida in a tree hole, three feet 
above the ground in a myrtle oak, Quercus myrtifolia 
Willd. Near Brooksville, Florida, three third and one 
fourth instar larvae were collected from a tree hole 
at ground level in a sweet gum tree in a gum swamp. 
In a nearby tree hole in a sweet gum tree, eight 
fourth instar larvae and two pupae were collected. 
Two fourth instar larvae were collected in an Oak- 
Pine Association in a pig-nut hickory, Hicoria glabra 
(Mill.) Britt. One fourth instar larva was found 
in a tin can in an oak forest near this locality. The 
one larva was the only animal life in the can. Eight 
fourth instar larvae were collected from a large tree 
hole in a sweet gum tree near Floral City, Florida, 
and seven fourth instar larvae were found in a simi- 
lar hole in a sweet gum tree near Rerdell, Florida. 
Larvae have been collected for several years from tree 
holes at Rock Springs, Florida during the wet season 
from May or June through October. Filling a dry 
tree hole with water in March resulted in larval 
development. There is probably only one brood per 
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ycar since the developmental period of the larvae is 
rather long, and the tree holes usually dry out in 
areas before the second brood could be com- 
pleted. There is a possibility that two broods oecur 
in some places. Mature fourth instar larvae were 
collected in a tree hole on September 7, and on 
September 27, a second instar larva. was collected 
from the same hole. The larval period has been ob- 
served to last as long as six months. 

The tree holes usually contain deeply stained brown 
water with much decayed leaf and organic matter 
on the bottom. Larvae of A. trisériatus, O. signifera 
and larvae of several other insects often oceur in the 
tree hole water. Eighteen larvae collected from a tree 
hole at Myrtle Beach, South Carolina proved to be 
both species and intergrades of Megarhinus, Carpen- 
ter & Jenkins (1945). 

The larvae are fairly active and somewhat shark- 
like in appearance and action. They often hang from 
the surface of the water by the air tube at about a 
45° angle, but are sometimes parallel or vertical to 
the water surface. They rest at the bottom and sides 
of the tree hole, sometimes partly buried in the de- 
bris, especially during the day time and when they 
have been disturbed. The larvae are often negatively 
phototropic. A sudden decrease in light causes them 
to leave the surface of the water and swim to the 
bottom. They can swim backward or forward by a 
wriggling motion in which the abdominal region is 
jerked from side to side. The larvae usually swim 
backward except when feeding. Mature larvae have 
survived when kept from the surface of the water 
for thirty minutes. 


most 


The larvae are predacious and carnivorous and 
have been observed to feed on large numbers of all 
instars of A. triseriatus and O. signifera larvae. The 
live larvae are often seized by the head and con- 
sumed head first, but they may be caught tail first or 
at any part along the body. An unfed M. r. rutilus 
larva consumed a live wriggling O. signifera larva 
in about one minute and ate twenty full-grown lar- 
vae in twenty four hours. Feeding takes place mostly 
in the daytime, but also occurs at night. The larvae 
are cannibalistic, and have been observed to eat each 
other if other food is not available. Small second 
instar larvae have been observed to eat much larger 
fourth instar larvae of the same sub-species. The 
larvae will also consume small pieces of raw meat 
and fat. Several larvae and pupae were found to be 
infected with the fungus Saprolegnia. The larval 
habits have not been observed to differ from the 
known habits of M. r. septentrionalis. 

The pupal stage lasts about four or five days under 
natural conditions in central Florida. The pupae are 
rather active, especially in the daytime. At the time 
of emergence, the pupae become less active, turn 
lighter brown in color, and the abdomen is extended 
parallel with the water surface. The pupae are re- 
sistant to sudden changes in water temperature, and 
can live in distilled or tap water. An adult emerged 
from a pupa which had been in 85% aleohol for 


one hour. 
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The adults emerge from the pupae in the late after- 
noon, on the basis of the ten observed emergences. 
The adults are mainly erepuscular in activity and 
they were observed flying in the woods from about 
five o’clock in the afternoon until dark. A female 
M. r. rutilus was observed by the senior author, as it 
hovered above a water filled hole in a sweet gum tree. 
The mosquito dipped up and down about eight to 
ten inches and occasionally touched the surface of the 
water. This was thought to be the act of ovipositing, 
rather than a mating danee. While flying, the female 
held the legs fully outstretched and dipped for a 
period of about one minute. The mosquito was wary 
and readily disturbed by the approach of the ob- 
server. This activity took place at five thirty o’clock 
in the afternoon of September 27, near Brooksville, 
Florida. Examination of the tree hole yielded two 
fourth instar larvae of M. r. rutilus, but no eggs were 
found. Another adult M. r. rutilus was observed to 
dip above the water in a hollow stump of a sweet 
gum tree, in a similar flight. The mosquito hovered 
about 15 inches above the water and dipped 3 or 4 
inches for minutes but did not touch the 
water. It then flew to another tree hole and repeated 
the dipping. This was interpreted as a mating dance 
and the mosquito was probably a male. No eggs 
were discovered in either of the tree holes. This 
flight took place while it was becoming dark in the 
evening. 

There was a much higher proportion of males than 
females among reared adults, which is similar to the 
results obtained in rearing M. r. septentrionalis at 
New Orleans, La. Adult males have been fed on sev- 
eral types of syrup and have been kept alive for 
over one week in captivity. The males are mainly 
erepuscular in activity, but are occasionally active 
during the day. They are negatively phototropie or 
immobilized in the presence of strong light, but 
react positively to a weak light souree. The females 
sometimes show the opposite reactions. 


SUMMARY 


In nearctie North America, eight species and one 
sub-species of mosquitoes are restricted to, or nearly 
always breed in tree holes. These species, represent- 
ing four genera are: Anopheles barberi, Aedes alleni, 
A. thibaulti, A. triseriatus, A. varipalpus, Orthopo- 
domyia signifera, O. alba, Megarhinus rutilus sep- 
tentrionalis, and M. r. rutilus. They are widely dis- 
tributed throughout the eastern deciduous forest ex- 
cept Aedes varipalpus which is found in several far 
western states, Aedes alleni which is known only 
from Texas to Kansas, and Megarhinus r. rutilus 
known only from Florida to South Carolina. The 
larvae are not limited to any certain species of trees, 
except Aedes thibaulti, which occurs only in gum and 
cypress trees. The distributions are mainly limited 
in the North by cold temperatures and long winters, 
and in the midwest by the prairie and great plains. 

Two species are known to earry diseases of im- 
portance to man. Malaria has been shown to be ear- 
ried experimentally by Anopheles barberi, and Aedes 
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triseriatus has been shown to transmit yellow fever 
and the eastern equine encephalomyelitis in the 
laboratory. The distribution of A. triseriatus eorre- 
sponded well with an outbreak of the sleeping sick- 
ness in Massachusetts. 

The ecology and life habits of each species are dis- 
cussed along with rearing experiments. The rare and 
local Orthopodomyia alba is reviewed in some detail 
and only larval identifications are recognized since 
the adults cannot be definitely determined. The life 
history and larva of Megarhinus r. rutilus were pre- 
viously unknown, and these have been studied along 
with the intergradation which oceurs with M. r. 
septentrionalis. The latter is considered as a sub- 
species in the present study. 

Maps are ineluded which show the distribution of 
each species by county. These were compiled from 
all available published records and several unpub- 
lished sourees ineluding the authors’ collections. 
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INTRODUCTION 


The term “eryptozoie fauna” was eoined by Dendy 
(1895) to deseribe “the assemblage of small terres- 
trial animals found dwelling in darkness beneath 
stones, rotten logs, the bark of trees, and in other 
similar situations.” This term, or the less redundant 
form “eryptozoa,” has never attained wide usage 
and has sometimes been extended, for example by 
Willey (1911) and Grimmet (1926), to inelude “all 
animals that avoid the light of day; erepuseular, noe- 
turnal, and subterranean forms.” 

Dendy considers the eryptozoie fauna to be a unit 
as distinet as the littoral or abyssal faunas of the 
ocean and passing as gradually into other faunas, 
in this ease the soil or hypogeous fauna and the vast 
assemblage of animals living in open daylight. 

From October 1941 through December 1943 the 
writer studied, with as little disturbance as possible, 
animals which collected under boards of uniform 
size placed on the forest floor. These animals were 
elearly eryptozoa plus an assortment of stragglers 
from other niches. They were, however, only a por- 
tion, perhaps a hypogenous aspect, of the eryptozoie 
fauna as defined by Dendy because a somewhat dif- 
ferent assemblage of species is to be found in rotten 
logs and beneath the bark of trees. 

The typical inhabitants of the eryptozoie niche 
are refugees from physical conditions or from biotie 
factors of predation or competition in the outside 
environment. Five general categories of animals, 
four of which were distinguished by Dendy, are rec- 
ognizable within the eryptozoie fauna. There are: 
relict forms, forms in transition from aquatie to 
terrestrial life, larvae or other immature stages, sea- 
sonal residents which hibernate or reproduce in the 
eryptozoie niche, and an assortment of representa- 
tives of modern, dominant, terrestrial groups which 
are either specially adapted to this niche or are 
less capable of succeeding in more rigorous environ- 
ments. 

The relict eryptozoa, unrepresented in this study 
unless the pseudoscorpions be listed, are exemplified 
by the Onychophora, and the eategory also includes 
scorpions and other members of ancient and subsid- 
ing animal groups. 

The incompletely modified aquatie forms inelude 
terrestrial turbellarians and nemerteans, and especi- 
ally the very characteristic terrestrial crustaceans, 
particularly isopods of the suborder Oniscoidea. These 
are uniformly very sensitive to drying and frequent- 
ly to freezing and they are mostly poorly adapted 
for digging. The eryptozoie niche provides shelter, 


a suitable food supply, and avenues for migration 
into the soil, and hence is an ideal habitat for these 
forms. 
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The immature and seasonal forms are chiefly in- 
sects, larvae of species in which the adults may or 
may not be eryptozoic, ovipositing adults of species 
having eryptozoie larvae, and hibernating adult in- 
seets which spend most of their lives in other niches. 

Modern successful groups are represented among 
the eryptozoa principally by slugs, snails, spiders, 
centipedes, diplopods, and insects. Dendy mentions 
the roaches, beetles, and ants as the most character- 
istie insects although it seems that we should add to 
these the collembola and perhaps the earwigs. 

It would be premature from the evidence to be pre- 
sented to call these animals a fauna in the sense 
understood by Jacot (1940) and others if the term 
must signify a taxonomie assemblage of species de- 
void of integration. The writer is, however, relue- 
tant to speak of studying an animal community, so- 
ciety, or a bioeenosis as these concepts frequently 
imply an integrated unit at the organismie or supra- 
organismie level (see Beklemishev quoted by Car- 
penter 1939). Hence, in this paper the term “eryp- 
tozoie fauna” will be used in the geographie sense to 
describe a regional assemblage of eryptozoa and 
without implications as to interrelationships between 
the constituent species. 

Sinee the 1895 aceount by Dendy there seem to 
have been no studies dealing specifically and exelu- 
sively with the eryptozoa of any region although some 
workers (e.g., Hayes 1927) seem to have recognized 
the existence of a distinetive fauna in this niche. 
There have, however, been numerous studies of the 
fauna of the soil (for extended bibliographies see 
Waksman 1932 and Jaeot 1940) and of the fauna 
of the forest litter (see especially Bornebusch 1930). 
Both of these overlap the eryptozoie fauna to a econ- 
siderable extent and, sinee debris such as fallen tim- 
ber is often included in the samples, much informa- 
tion on the eryptozoie fauna may be obtained from 
such accounts. Many of these accounts (Diem 1903, 
Dammerman 1925) mention that certain forms are 
more typically found under stones and logs than in 
the mineral soil or litter. In some general ecological 
surveys, such as that of Anderson & Falk (1935) 
on the central desert of Ieeland, a large proportion 
of the invertebrate fauna has been obtained from be- 
neath stones. Other general ecological studies such 
as those of Adams (1915a), Weese (1924), and Blake 
(1926) mention particular forms typically found 
under logs and stones, and it is also possible to ob- 
tain information on the eryptozoa of a region from 
faunal lists sueh as that of Lindroth (1931) which 
include accounts of the habitats in which forms are 
found. Sueh reviews leave one impressed by the 
uniformity of the fauna of this habitat wherever it 
has been investigated. Certain taxonomie groups, 
often as narow as families or genera, seem to pre- 
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dominate in the eryptozoic fauna over most of the 
earth while other groups are typical of tropical or 
temperate cryptozoie faunas in both the old and new 
worlds. 

This paper is a revision of a Ph.D. thesis sub- 
mitted to the Department of Zoology of the Univer- 
sity of Chicago in the spring of 1944. This revision 
has been considerably retarded by the writer’s eall to 
active duty with the United States Public Health 
Service soon following convocation. Much gratitude 
is due to Dr. Thomas Park who directed this re- 
search. The writer is also indebted in numerous ways 
to Dr. W. C. Allee, Dr. Alfred E. Emerson, and Dr. 
Sewall Wright. Thanks are also due Professor C. R. 
Smith of Aurora College for providing daily weath- 
er records, to Dr. and Mrs. F. C. Cole for the use 
of their property, to Mrs. Lamont C. Cole for assist- 
ance in various ways, and to the following special- 
ists for the identification of specimens: Dr. Fritz 
Haas (Molluses and Isopods), Dr. Harlow B. Mills, 
(Collembola), Dr. R. V. Chamberlin (Chilopods and 
Diplopods), Dr. H. E. Ewing (Aecarina), Dr. Donald 
C. Lowrie (Spiders), Mr. J. A. G. Rehn (certain 
Orthoptera), Mr. W. M. Gerhardt (Hemiptera), Mr. 
Rupert Wenzel and Mr. Henry Dybas (Coleoptera 
except Staphylinidae), Dr. Charles Seevers (Staphy- 
linidae), and Dr. Mary Talbot (Ants). 


THE LOCALITY STUDIED 


This study was conducted within a woodland hav- 
ing an area of approximately 40 acres located on a 
173-acre farm 2.5 miles north of the town of Plano 
in Kendall County, Illinois. The trees in this wood- 
land are largely black oak (Quercus velutina), bur 
oak (Q. macrocarpa), and shagbark hickory (Carya 
ovata) althoagh other species, notably slippery elm 
(Ulmus fulva), were present up until about 1933. 
These woods have been grazed by cattle for many 
years and are largely devoid of underbrush and sec- 
ond growth except for one small portion which has 
been fenced and protected from grazing sinee 1935. 
In this ungrazed area there is a considerable growth 
of underbrush consisting largely of black cherry 
(Prunus serotina), raspberry (Rubus sp.), and oak 
and hickory seedlings. A few elms (Ulmus ameri- 
cana) and sugar maples (Acer saccharum) have been 
planted in the enclosure. The soil in the grazed por- 
tion of the woods is for the most part covered with 
a thick growth of grass. 

A small perennial stream emptying into Little 
Rock Creek about one-half mile distant, traverses 
this woodland which was once continuous with the 
woods bordering Little Rock Creek but which was 
isolated many years ago through the cutting of trees 
on adjacent farms. 

Two localities, both loeated at a level about 6 
meters above that of the small stream, were utilized. 
One of the localities (hereafter referred to as locality 
G) was situated in a thinly forested and heavily 
grazed portion of the woods which was first fenced 
to prevent grazing in October 1941, the time at 
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which this study was started. A number of stumps 
of oaks which had been cut since 1935 were located 
in this loeality. The other locality (hereafter called 
locality U, because ungrazed) was last grazed by 
cattle in 1934 and hence was a region of considerable 
undergrowth and contained many young trees. The 
two localities were separated by a distance of approx- 
imately 100 meters. 

Certain differences in the surface soils of the two 
localities, probably referable to the effects of grazing, 
are shown in Table 1. 


TABLE 1. Comparison of the surface soil under boards 
in the grazed (G) and ungrazed (U) portions of the 
woodland. 











No. of \Mean Vatue AND S.E.| Rance or VALUES 
samples Seite AT SEL ad ceatieest 
Factor each 
locality U G U G 
Organic matter 
(percent)........ 5 5.1 3.4 4.9-6.0 | 2.7-4.4 
eee 25 6.70+ 0.34|6.33+ 0.34) 6.2-7.2 6.0-6.7 
Hygroscopic 
coefficient........ 1 11.9 Wi) a) voskoser @ -baeeuts 

















Because this study was centered about the surface 
soil rather than the mineral soil itself, samples for 
these comparisons were taken from the surface in 
contact with the undersides of boards lying on the 
forest floor. Organic matter is very unevenly dis- 
tributed in this surface layer resulting in mueh vari- 
ability among samples and making it practically im- 
possible to use random samples for detecting sig- 
nificant differences between the two localities. Table 
1 does suggest, as might be anticipated, that the sur- 
face soil of the ungrazed locality was more alkaline, 
contained more organic matter, and was capable of 
retaining more moisture than that of the grazed 
locality. 

The hygroseopie coefficient (Miller 1931, Weaver 
& Clements 1938) is a measure of the amount of 
moisture which a dry soil will absorb from a satu- 
rated atmosphere and which is held so tenaciously as 
to be unavailable to the roots of plants. This water 
must, however, be lost from the soil in an unsatu- 
rated atmosphere and so must serve to maintain 
humid conditions in the soil and beneath debris on 
the surface. In dry weather the humidity must 
remain higher under boards lying on the soil with 
the higher hygroscopic coefficient. The total water 
retaining capacity of a soil varies directly with the 
hygroscopic coefficient and it will be shown that the 
soil in the ungrazed portion of the woods actually 
did retain more water than the soil of locality G. 

There were other obvious differences between the 
environments of the two localities. Air movement 
was greater in locality G and the autumn and winter 
covering of leaves was heavier in locality U. The 
thicker forest canopy in locality U also resulted in 
increased shade and less variable soil temperatures. 

No apparent barriers other than environmental 
conditions prevented migration of species between 
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loealities U and G. On this same farm, about 14 mile 
from area U, is another small grove of trees growing 
in a moist depression in the original prairie. The 
soil in this grove is more continuously moist than 
in the woods, the trees include cottonwoods (Populus 
deltoides), and the area has not been exposed to 
either grazing or cultivation. No detailed study was 
made of the eryptozoa in this grove but casual obser- 
vations revealed the presence of a number of species 
not found in the extensive study of the larger wood- 
land. These included the gastropods Polygyra spp. 
(one immature Polygyra was taken in the wood- 
land), Anguispira alternata, Philomychus sp., Suc- 
cinea sp., and the diplopods Fontaria sp., Julus sp., 
and Spirobolus marginatus. All of these are forms 
typically found in the more humid beech-maple 
forests south and east of Chicago. Unfavorable en- 
vironmental conditions presumably have prevented 
colonization of the nearby woodland by these species. 


METHODS OF STUDY 


The unit of observation employed was a board 3.8 
em. thick, 14 em. wide, and 28.5 em. long, thus 
having an area of 400 em.? in contact with the 
ground. The boards were cut from well-seasoned oak 
and were solid enough to provide no entrance for 
macroscopic animals into the body of the board. 

The boards were placed directly on the ground, 
grouped into “areas” arranged in an attempt to ob- 
tain full representation of all types of locations in- 
eluded in the fenced areas. Each board was sepa- 
rated from its neighbors by a distance of at least 
1 m. The total number of boards considered in this 
report is 369 grouped into several areas as shown 
in Table 2. 

TABLE 2. The experimental areas employed. ‘‘U’’ 


signifies ungrazed locality and ‘‘G’’ signifies grazed 
portion of woods. 








Designation Date Number 
of area established of boards Location 
_ SE ee es 1l- 1-41 | 20 U 
| ee 6-19-42 15 U 
ee 3-26-42 121 U 
a 9-16-42 15 U 
Miscellaneous....| ...... 7 U 
Naar aa 10-22-41 20 G 
_ eee 10-26-41 40 G 
Se ae 10-26-41 20 G 
ae ee 10-26-41 2 G 
re 11- 1-41 6 G 
RO hits coe t 11- 1-41 44 G! 
Miscellaneous....|  ...... 26 G 














1Actually outside of the fenced locality G, placed as a control for the effects of 
grazing cattle. 


There was a total of 193 boards in the ungrazed 
region U and 176 boards in the grazed region G. 
Special characteristics of the areas are described 
below. 

DESCRIPTION OF AREAS 

Area A. The boards were placed around the periph- 

ery of a rectangle about 3 m. by 6 m. in size, the 


A Stupy or THE CRypPTOZOA OF AN ILLINOIS WoopDLAND 











53 


sod being removed before each board was placed. 
Ten of the boards, forming the south and west sides 
of the rectangle, were twice the regular size and 
consisted of two of the standard boards fastened 
together along one of the side edges. The grass in 
this area was continually cut so that it did not ex- 
ceed a height of approximately 5 em. 

Area B. These boards were placed in four rows 
about 1.5 m. apart. The sod was not removed but a 
trowel was used to thoroughly “plow” and loosen the 
soil to a depth of 15 em. under the odd-numbered 
boards only. Every fifth board was double-sized as 
described above. No faunal differences were detected 
which could be referred either to the plowing of the 


soil in this area or to the removal of the sod in 
Area A. 
Area C. This area was laid out in a roughly 


circular shape in a location which contained a dense 
growth of tall weeds each year. The soil seemed 
particularly poor in this area probably as a result 
of the burning off of a large patch of Canada thistles 
in 1940. 

Area D. These boards were placed in two straight 
lines of ten each, located 1.5 m. apart. The sod and 
the upper 5 em. of soil was removed from beneath 
each board and replaced by soil brought from the un- 
grazed portion of the woods. As in Area A, the 
grass and weeds were kept cut. During part of the 
study this area and Area H were watered with a 
sprinkling ean. 

Area O. These 44 boards were seattered irregularly 
outside of the fence surrounding the study locality. 
Owing to disturbance of the boards by grazing eattle, 
this area yielded very inconsistent results. 

Area DD. This area consisted of six boards with 
six others placed on top of them, the boards being 
held apart by strips of wood 5 mm. thick. 

Miscellaneous boards in the grazed locality. These 
boards, mostly placed for special experiments, in- 
cluded three “boards” which were in reality iron 
plates employed to determine the effect of type of 
sheltering material. They also included three “boards” 
eut from decaying stumps and consisting of very 
soft, spongy wood into which animals could pene- 
trate; three “boards” consisting of bark removed 
from a felled tree; and eight of the standard boards 
where an unsuccessful attempt was made to isolate 
them against surface migration by a surrounding 
galvanized iron barrier extending 13 em. above the 
ground and 10 em. below. The other ten miscellane- 
ous boards were well-weathered cedar shingles placed 
in order to ascertain the effect of a thinner board 
offering less protection from heat penetration. 

Area H. The twenty boards formed one straight 
line through a region of thick underbrush where they 
received very little sunlight. There was almost no 
grass in this area and decaying leaves were raked 
aside in order to place the boards. 

Area X. These boards were in three rows of five 
each in a sunny grass-covered portion of the un- 
grazed locality. The grass in this area was eontinu- 
ally kept cut. This area was used chiefly to investi- 
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gate the effect of temperature on the fauna. Five 
of the boards retained their natural wood color, five 
were painted on the upper surface with white enamel, 
and the remaining five boards were painted a dead 
black on the upper surface with a mixture of lamp- 
black and clear varnish. The distribution of the 
three types of boards within the area was at random 
and was altered twice during the course of the study 
as a check on the validity of results. This area re- 
ceived direct sunlight through a large part of each 
sunny day and under these conditions the tempera- 
ture under the blackened boards rose from 2° to 4° C. 
above that of the white or natural-colored boards. 
The white boards, in the early part of the study, 
averaged slightly cooler than the natural-colored 
boards. 

Area TP. The 121 boards were arranged in two 
rows around the eastern and northern sides of the 
ungrazed locality. This area included all types of 
cover to be found in this portion of the woods; short 
grass, tall grass, bare ground, and all degrees of ex- 
posure to the sun ranging from continuous exposure 
to continuous shade under thick bushes. 

Area N. These five boards were located in 
grass. 

Area NN. This area, which formed a straight line 
on short grass some 15 m. from any other area, was 
established at a time when it could be inspected every 
six hours for one week in order to check the rate at 
which animals would move into a newly established 
area. 

The miscellaneous boards in the ungrazed locality 
included iron plates, two iron automobile running 
boards, concrete and tile blocks, and double and triple 
sized boards. 


tall 


MetHop oF SAMPLING 


The animals under the boards were counted by 
quickly turning the board up onto one edge and 
counting all of the animals visible both on the sur- 
face of the ground and adhering to the under sur- 
face of the board. No attempt was made to dis- 
cover animals which had migrated vertically into the 
soil as these were considered to have left the erypto- 
zoic niche and consideration of these emigrants would 
have seriously disturbed the habitat. With some 
practice an observer can count all of the individuals 
of the larger species normally found under a board 
of this size and the number of species found in such 
a restricted niche is sufficiently small that an in- 
vestigator may become well acquainted with them and 
recognize the majority on sight. The faster-moving 
species must be counted first and the body of the 
observer should shade the board when it is turned 
over as bright light causes the animals to seatter 
more rapidly. After making the count the board was 
quickly replaced in its original position and the re- 
sults recorded. Counts made at four-hour intervals 


checked very well with each other provided there 
had been no radical change in the outside conditions. 
Disturbance of the animals was generally quite notice- 
able after a one-hour interval and frequently after 
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two hours because the disturbed animals would enter 
holes in the ground or run into the grass at the edge 
of the board and not move back directly beneath the 
board for some time. 

No evidence was obtained to suggest that the fauna 
was more than temporarily affected by raising the 
boards to count the animals. The three following con- 
siderations suggest that disturbance was without sig- 
nificant influence on the fauna: 

1. Control boards which were not inspected for 
long periods of time, in some eases for an entire 
year, sheltered the same species as boards which had 
long been inspected several times weekly. Also, in 
the relative abundance of the various species, these 
control boards always fell within the range exhibited 
by the experimental boards. 

2. Whenever study was resumed on an area which 
had not been inspected for some time, the species 
which were initially present persisted even under a 
routine of very frequent inspections. Under such 
conditions the numbers of animals varied irregularly 
with time and independently of the time of inspec- 
tions (see Figs. 5 and 6). 

3. As shown in Figure 7, the numbers of animals 
in different experimental areas tended to vary simul- 
taneously thus indicating response to widespread en- 
vironmental changes rather than to local accidents of 
disturbance. 

Ants, mites, and collembola could not be accurately 
counted by the sampling method employed. Ants 
were counted when not more than about 25 were 
present under a board and the numbers in larger 
colonies were merely estimated. These relative figures 
doubtless reflect real changes in ant abundance but 
the absolute numbers recorded are not to be taken 
very seriously. Presence or absence of groups of 
ants as large as 25 may, however, be used as an 
exact criterion of ant abundance for statistical pur- 
poses. Mites were never abundant under the boards 
and they were more characteristic of the mineral 
soil and general litter than of the eryptozoie niche. 
Ordinarily only presence, absence, or unusual abun- 
danee was recorded for mites, nematodes, Corroden- 
tia, and similarly noncharacteristic forms. The most 
serious fault of the assay method was that it did 
not yield truly quantitative data on the characteristie 
and abundant collembola. When a board was turned 
over some collembola remained attached to the under- 
side and the numbers of these adhering collembola 
were found to correlate with certain other biotie data. 
However, this habit of the collembola is probablv 
less related to the actual numbers present than to 
the presence of an invisible film of moisture. No 
really satisfactory method of assaying collembola 
was devised. 

Specimens of ?ll of the species eneountered were 
collected, and these have for the most part been 
identified by exverts. Except where absolutely neces- 
sarv these collections were not made from under 
experimental boards but were taken from under 
naturally fallen timber or more frequently from 
under neighboring boards not used in the quantita- 
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tive study. When a species was encountered for the 
first time under an experimental board, the first speci- 
men was collected there and the species designated 
by an identifying symbol pending accurate identifi- 
cation. Thus an attempt was made to keep dis- 
turbance of the natural fauna at a minimum. Data 
from boards which were obviously disturbed by ex- 
traneous factors (usually moles, but occasionally 
other mammals) were not used for analytical pur- 
poses. 

Temperature aud relative humidity data, and notes 
on general weather conditions were kept for all days 
on which boards were inspected. Daily weather re- 
ports for the entire period of the study were obtained 
from Aurora College, the nearest official U. S. weath- 
er station, located about 12.6 miles map distance 
from the site of the study. 

Soil and air temperatures, particularly the surface 
temperature taken by pushing the bulb of the ther- 
mometer between the soil surface and the board be- 
fore raising it, were recorded each time the boards 
were inspected. Many soil samples of about 15 gms. 
each were also collected for soil moisture determina- 
tions which were made gravimetrically, the soil mois- 
ture being expressed as percentage of the 40° C. dry 
weight. Extensive series of such samples were not 
collected until the latter part of the study because 
it was felt that removal of soil might affect the fauna. 
Moisture determinations of this type do not neces- 
sarily reveal typical conditions because the soil under 
a single board may exhibit considerable local varia- 
tions in wetness. 

In addition to the inspection of boards, other local 
niches were always examined for animals. Fallen 
leaves and branches were turned over, digging was 
done in the sod, and dead stumps and the bark of 
trees searched. At night the grass and other plants 
near boards were inspected to determine the amount 
of nocturnal wandering of the fauna and in winter 
some digging was done in the ground and in stumps 
and logs in order to loeate the hibernacula of the 
eryptozoie animals. 


LABORATORY STUDIES 


Although daboratory study of animals from under 
the boards was not extensive, many animals were 
brought alive into the laboratory for observation and 
some toleration and behavior tests were conducted. 

A large covered pan of woodland soil, heavily 
inoculated with animals from the field, was kept in 
the laboratory, permitting observation of the animals 
under a deep red light which did not stop them from 
feeding and wandering about over the soil surface. 
Attempts to rear larvae under these conditions were 
not very successful. 

For a cheek on food habits, the stomach contents 
of a number of species were examined microscopi- 


ally. 

Most of the important species were tested for their 
atmospheric humidity through the use of 
gradicnt apparatus dcs'gned on a plan 


reactions to 
a humidity 
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similar to that deseribed by Williams (1934). By 
using various salt solutions, the intensity of the 
gradient of relative humidity could be controlled and 
a small hygrometer the size of the vials holding the 
solutions was used to check the humidity in each 
compartment of the apparatus. 

Many species were also tested for their reactions 
to wet and dry substrata by a method similar to that 
described by Allee (1926). A piece of porous paper 
toweling was placed on a glass plate and over this 
was inverted one-half of a 30-cem. erystallization 
dish containing the animals to be tested. Water 
placed on the projecting edge of the paper towel 
moistened a portion of the paper under the dish by 
capillary action and the extent of the moistened sub- 
stratum could easily be detected visually. The whole 
set-up was left in a darkened room and oceasionally 
inspected under a dull red light to observe the re- 
actions of the animals. 











Certain species were also tested for toleration of 
low temperatures using the freezing chamber of an 
electric refrigerator, and some aggregations of gre- 
garious forms were tested for possible effects on the 
rate of heat loss (Allee 1926). Temperature in each 
case was read from outside by means of a copper- 
constantan thermocouple. 

Other techniques have been discussed in describing 
the experimental areas. Statististical methods em- 
ployed in treating the data will be discussed as the 
data are presented. 


THE GENERAL CHARACTER OF THE CRYP- 
TOZOIC FAUNA IN THIS AND IN 
OTHER STUDIES 


So far as could be determined, the fauna investi- 
gated in this study was a natural fauna exactly 
equivalent to that occurring under natural debris ly- 
ing on the forest floor. During the course of the 
study many logs, stones, and pieces of bark were 
inspected for comparison with the experimental 
boards. As would be anticipated, the fauna under 
these objects was numerically much more variable 
than that under the boards owing to variations in 
size and condition of the debris. However, no species 
were ever found under natural debris which did not 
also occur under the boards, and every natural sta- 
tion investigated, in the percentage composition of 
its fauna, fell within the range displayed by the ex- 
perimental boards. The fauna investigated, although 
equivalent to a naturally oceurring fauna, was more 
susceptible to quantitative study because the factors 
of available shelter and permeability of the wood 
were controlled. 

Somewhat over 130 species of animals were found 
in the eryptozoie niche. Many of these were en- 
countered so rarely as to be obviously accidental oe- 
currences and many others were demonstrably more 
abundant in some other niche. Below is a nearly 
complete list of the forms encountered including not 
only the truly eryptozoic animals but also forms 
which occurred under the boards seasonally or aeci- 
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dentally. For analytical purposes the list was ab- 
breviated to include only the more typical eryptozoa 
which will be considered in greater detail. 
LIST OF THE SPECIES ENCOUNTERED 
Platyhelminthes 


1. Turbellaria, unidentified species 
2. Nematoda, unidentified species 


Annelida—Oligochaeta 





3. Lumbricidae, unidentified species 
Mollusea—Gastropoda—Pulmonata 
Limacidae 

4. Deroceras agreste (L.) 

Zonitidae 

5. Retinelia rhoadsi (Pilsbry) 
Endodontidae 

6. Helicodiscus parallelus (Say) 
Helicidae 

7. Polygyra sp. 


Arthropoda 
Crustacea—Isopoda 
Trachelipus rathkei (Brandt) 
Arachnida 
Chelonethida, unidentified species 
Acarina 
10. Unidentified spider mite 
11. Unidentified larval Erythaeidae 
12, 13, 14. Parasitidae, three unidentified spp. 
Araneida (most of the spiders were not identified) 
Thomisidae 
Xisticus gulosus Keyserling 
Tibellus oblongus (Walckenaer) 
Philodromus aureolus (Oliv.) 
Misumenoides aleatorius (Hentz) 
Theridiidae 
. Steatoda borealis (Hentz) 
Lycosidae 
20. Arctosa littoralis (Hentz) 
21. Lycosa avida Walck. 
22. Pardosa milvina (Hentz) 
23. Drassidae, unidentified species 
24. Clubionidae, several unidentified spp. 
25. Sciariidae, unidentified species 
26. Attidae, several unidentified spp. 
27. Argiopidae, several unidentified spp. 
28. Agalenidae, unidentified species 
Phalangida 
29. Phalangiidae, unidentified species 
Chilopoda 
Geophilidae 
30. Arenophilus bipuncticeps (Wood) 
Lithobiidae 
. Lithobius forficatus (L.) 
Diplopoda 
Julidae 
. Aniulus diversifrons (Wood) 
Polydesmidae 
33. Scytonotus granulatus (Say) 
34. Pseudopolydesmus serratus (Say) 
Hexapoda 
Diplura 
35. Unidentified dipluran species 
Collembola 
Sminthuridae 
36. Ptenothriz marmoratus Packard 
Entomobryidae 
37. Entomobrya purpurascens Packard 
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38. Pseudosinella violenta rolfsi Mills 
39. Tomocerus flavescens Tib. var. americanus Sch.? 
40. Isotoma viridis Bourlet 
Orthoptera 
Blattidae 
41. Parcoblatta pennsylvanica DeGeer 
Gryllidae 
42. Gryllus assimilis v. pennsylvanicr:s Burm. 
43. Nemobius carolinus So. 
Locustidae 
44. Tettigidea lateralis parvipennis (Harr.) 
Tettigoniidae 
5. Ceuthophilus sp. 
Homoptera 
Cicadellidae, unidentified species 
Hemiptera 
Coreidae 
7. Leptocomis trivittatus Say 
Lygaeidae 
48. Myodochus serripes Oliv. 
49. Blissus leucopterus (Say) 
Reduviidae 
50. Melanolestes picipes Herr.-Seh. 
Coleoptera 
Cicindelidae 
. Cicindela sexguttata Fab. 
Carabidae 
52. Abacidus sp. 
53. Euferonia stygica (Say) 
54. Stenocellus sp. 
55. Anaferonia sp. 
56. Dicaelus elongatus Bon. 
57. Harpalus vulpeculus Say 
58. H. vagans Lec. 
59. Platynus placidus (Say) 
60. P. cupripennis (Say) 
61. Calathus gregarius Dej. 
62. Galerita janus Fab. 
63. Notiophilus aeneus Hbst. 
64. Casnomia pennsylvanica L. 
65. 
66. Scarites substriatus Hald, 
67. Pristodactyla unipunctata (Say) 
68. Calosoma callidum Fab, 
Staphylinidae 
69. Homeotarsus (Gastrolobium) bicolor Grav. 
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Anomoglossus emarginatus Say 


70. Homeotarsus sp. 

71. Lathrobium (Apteralium) brevipenne Lee. 
L. (Pseudolathra) anale Lee. 

L. longiusculum Grav. 

. Rugilus (Stilicus) dentatus Say 

. Paederus littorarius Grav. 

i. Mycetoporus splendidus Grav. 
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. Oxypoda (sagulata Erich.?) 
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. Philonthus sp. 
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. Bryoporus rufescens Lee. 

81. Tachyporus elegans Horn 

82, 83. Atheta spp. (2) 

84. Stilicus dentatus Say 

85. Lobrathium longiusculum Grav. 

86. Apocellus sphaericollis Say 

87. Subfamily Aleacharinae, unidentiefid species 
Histeridae 

88. Aeletes politus (Lee.) 

89. Phelister subrotundus Say 

Cantharidae 
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130. 


Cantharis bilineatus Say 
Anthicidae 


. Notoxus sp. 


Elateridae 

Aeolus amabilis Lee. 
Melanotus sp. 

Nitidulidae 

Glischrochilus fasciatus (Oliv.) 
Phenolia grossa (Fab.) 
Cucujidae 

Telephanus velox Hald. 
Cryptophagidae 


7. Anomariinae, unidentified species 


Phalacridae 

Eustilbus apicalis Welsh 

Coccinelidae 

Ceratomegilla maculata DeG. 

. Hippodamnia convergens Grier 

. H. 13-punctata (L.) 

Tenebrionidae 

Meracantha contracta (Beauv.) 
Searabeidae 

Attaenius sp. 

Onthophagus hecate Pang. 
Phyllophaga tristis Fab. 
Crysomelidae 

Coptocycla signifera (Herbst.) 

Lema trilineata Oliv. 

Lina lapponica (L.) 

Diabrotica 12-punctata Fab. 
Disonycha xanthomelaena (Palm.) 
Curculionidae 

Hypera punctata Fab. 

Lixus sp. 

Phytonomus nigrirostris (Fab.) 
Sphenophorus sp. 

Diptera 

Mycetophilidae, unidentified species 
Phoridae, unidentified species 
Hymenoptera 

Formicidae 

Ponera coarctata pennsylvanica Buckley 
Lasius umbratis mixtus aphidicola Walsh 
L. niger alienus americanus Emery 
Solenopsis molesta Say 

Prenolepis imparis Say 

Camponotus herculeanus pennsylvanicus DeGeer 
Aphenogaster fulva aquia Buckley 
Crematogaster lineolata cerasi Fitch 
Tupinoma sessile Say 

Formica fusca subsericea Say 

F. pallidifulva nitidiventris fuscata Emery 
F. p. schaufussi incerta Emery 
Vespidae 

. Vespa maculata (L.) 
Psammocharidae, unidentified species 
Chordata 

Amphibia 

Ambystomidae 


131. Ambystoma jeffersonianum (Green) 
Bufonidae 

132. Bufo fowleri Garman 

133. B. americanus (Holbrook) 
Hylidae 

134. Pseudacris triseriata (Wied) 
Reptilia 
Colubridae 
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5. Thamnophis s. sirtalis L. 
Mammalia 


136. Scalopus aquaticus (L.) 
137. Microtus pennsylvanicus (Ord.) 


ANIMALS COMMONLY FOUND IN THE 
CrypTozoic NICHE 


Comparison of the taxonomie groups prominent 
in this and in related studies reveals that most of 
these animals cannot be considered as true eryptozoa. 
Since most studies related to this one have been eon- 
cerned with general soil and litter faunas, many 
forms not characteristic of the eryptozoie niche are 
included as are forms occupying this niche only at 
particular seasons. Certain groups, however, seem 
to be generally predominant in this niche wherever 
it has been studied and a brief survey of these forms 
will indicate the general nature of this type of 
fauna. 


SPECIES NOT STUDIED 


The phyla Protozoa, Rotifera, and Tardigrada are 
apparently widely distributed through soils but will 
not be considered here because, on account of their 
microscopic size, they were not investigated in this 
or in most related studies made by other workers. 


SPECIES TYPICAL OF OTHER NICHES 


A large number of species often taken in litter 
are more abundant in some other niche and the 
majority of these are animals which characteristically 
inhabit the mineral soil. Nematodes and earthworms 
fall into this category and are not here classified as 
eryptozoa although Olson (1928) indicates that some 
earthworms are more typical of litter than of the 
soil. A number of arthropods often found under 
the boards were actually more abundant in the soil 
and sod than in the eryptozoie niche. This was true 
of the pseudoscorpions, mites, the unidentified diplu- 
ran, psocids, centipedes of the family Geophilidae, a 
large number of coleoptera, and a variety of lepidop- 
teran, coleopteran, and dipteran larvae. Many of 
these are well adapted for digging and for sub- 
terranean life as, for example, the geophilids which 
are strikingly tolerant of submergence in water 
(Chamberlin 1913). Of the coleoptera, the anthieids, 
elaterid larvae, cucujids, eryptophagids, tenebrionid 
larvae, and especially searabeids and cureulionids 
were much more abundant in the soil and humus 
near the boards than actually under the boards. It 
was very striking after becoming well acquainted 
with the fauna to observe how many searabeids and 
weevils unknown to the investigator could be found 
by digging in the nearby sod. Although not here 
encountered, members of the classes Pauropoda and 
Symphyla have often been found in the soi] and in 
eryptozoic habitats in various parts of the world 
(Diem, Thompson, Bornebusch, Williams) but seem 
to be chiefly associated with the soil itself. Thomp- 
son (1924) found the Symphyla increasingly abund- 
ant with inereased depth. 

Animals associated with habitats other than that of 
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the soil also oceur occasionally in the eryptozoic 
niche. Phalangids and grasshoppers (Acrididae) 
were sometimes found under the boards but their 
scarcity in this niche was in striking contrast to their 
abundance in the surrounding grass. Forms inhabit- 
ing the general litter, such as leeches of the family 
Hirudinidae (Williams 1941) or plant inhabiting 
forms such as the thysanoptera, certainly cannot be 
considered a part of the eryptozoie fauna. Similarly, 
many forms inhabit wood and so are associated di- 
rectly with logs and debris rather than with the zone 
of contact between debris and the forest floor. 
These include many termites, certain ants such as 
Camponotus, and a lepismatid which occurs under 
the bark of stumps in the woods where this study 
was conducted but which was never found under an 
experimental board. 


SPECIES OF SEASONAL OCCURRENCE 


A number of animals which do not typically in- 
habit the eryptozoic niche or feed there may enter 
this niche in autumn to hibernate and so be of sea- 
sonal oceurrence. Leaf hoppers (Cicadellidae), and 
certain spiders, hemiptera, coleoptera, and diptera 
showed this type of association with the boards. 
In the studies of Weese and Blake also, hemiptera 
were characteristic of the litter only in late autumn. 
Most of the hemiptera hibernating under the boards 
belonged to the family Lygaeidae and this also 
seems to be true of many other regions. Dammer- 
man (1937) found the Lygaeidae and Reduviidae to 
be the most common hemiptera in litter in Malaysia, 
Grimmet found the Lygaeidae and Aradidae most 
common in such habitats in New Zealand, and Lin- 
droth indicates that the Tingididae and Lygaeidae 
are the most common hemiptera in Iceland. Dogel, 
however, found a predominance of pentatomids in 
the litter. 

A similar constaney seems to hold with respect to 
other orders of insects. The seasonally occurring 
coleoptera belonged chiefly to the families Nitidulidae 
(Ips), Coceinelidae, and Chrysomelidae with one 
species of cicindelid being a typical spring and 
autumn resident under the boards. About a dozen 
dipteran families are commonly mentioned by writers 
on soil and litter faunas but the three families 
Cecidomyiidae, Mycetophilidae, and Tipulidae far 
exceed all others with the families Chironomidae and 
Simulidae also receiving frequent mention. Adult 
dipterans, Mycetophilidae and Phoridae, appeared 
under the boards in late autumn and larvae were 
often present. The mycetophilids, however, are more 
eryptozoic than most seasonal forms because the 
larvae actually feed in this niche and are more or 
less typical inhabitants. The adults enter the niche 
in autumn to oviposit. 


CRYPTOZOIC SPECIES ABSENT FROM THE 
PRESENT STUDY 


In the phylum Platyhelminthes, the single turbel- 
larian, subfamily Terricola, is frequently encountered 
These “terrestrial 


in eryptozoie and litter samples. 
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planarians” are particularly important in tropical 
regions (Dendy 1895, Williams 1941). In the present 
study only four minute flatworms were recorded and 
these have not been identified. 

One family (Prosorhochmidae) of nemerteans is 
apparently very prominent in the eryptozoic fauna 
of Australasia (Dendy 1895) but does not seem to 
be important in samples taken elsewhere. 

Among the arthropods, a number of groups which 
were not encountered are apparently truly eryptozoic 
in other regions, primarily in warmer climates. Some 
termites may be eryptozoic and members of the 
arachnid orders Scorpionida, Palpigradi, and Pedi- 
palpi live under stones in warm regions. The mem- 
bers of the phylum Onychophora are apparently typ- 
ical members of the eryptozoic fauna in the local 
regions where they occur and Dendy includes them 
in his deseription of this fauna for New Zealand. 
Among the crustacea, members of the copepod family 
Harpacticidae may be found under debris near bodies 
of water while members of the amphipod family 
Talitridae seem to be abundant eryptozoie forms in 
Australasia (Dendy 1895, Grimmet 1926) and in 
Malaysia where, however, they occur only along the 
seacoast and at altitudes above 1400 m. (Dammer- 
man 1925). In northern regions amphipods do not 
seem to be an important part of the eryptozoie fauna 
except along the seashore. 


CHARACTERISTIC CRYPTOZOA 


Relatively few taxonomie groups seem to make up 
the bulk of the eryptozoiec fauna in most regions for 
which information is available. These groups are 
described below along with certain natural history 
data on the forms which were important in this 
study. 

Molluscs 

Pulmonate gastropods, both snails and slugs, are 
commonly found in litter and some species are usu- 
ally typical of the eryptozoie fauna. In this study 
one species of snail and one slug were characteristic 
and abundant eryptozoic forms particularly where 
the soil was moist. Dendy reported snails and slugs 
as characteristic eryptozoie animals in Australasia, 
Richards (1928) found them common under dead 
bark on English heaths, Diem (1903) reported pul- 
monates in the soil fauna in the Alps up to an 
altitude of 2250 m., Dammerman (1925, 1937), from 
collections made in the Malay Archipeligo, considers 
them an essential part of the tropical litter fauna at 
all levels from the coast to mountain tops and also 
on small coral islands, Pillai (1922) records them 
from forest litter in Denmark, and Williams (1941) 
found them in the rain-forest litter in Panama. 

Pulmonates seem to be absent from this fauna in 
cold regions. Diem failed to find them in the Alps 
at altitudes above 2250 m. and Anderson & Falk 
(1935) record no gastropods from the central desert 
of Iceland. Snails and slugs are associated with 
moist conditions and with cover such as fallen logs. 
It was here found, as also recorded by Blake (1926) 
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and Jacot (1940), that the number of molluses de- 
creased with dry conditions largely as a result of 
vertical migration into the soil. Pillai (1922) re- 
corded an increase in molluses in the wet fall weather, 
Dogel (1924) found that slugs and snails were not 
present in sandy soils in the neighborhood of Lenin- 
grad, U.S.S.R., and Adams (1915) states that logs 
largely determine the presence of land molluses. In 
Bornebusech’s study and in the present study, certain 
differences in the local distribution of gastropods 
were correlated with soil type and amount of mois- 
ture and surface debris. 

Although all of the molluses found in litter belong 
to the suborder Stylommatophora, most of the 
smaller taxonomic groups are not of particularly 
wide distribution. Dendy, in fact, commented on the 
tendency of molluses to form highly endemic faunas. 
Deroceras agreste ( = Agriolimax agreste), the slug 
found in this study, is a common European form 
and has received attention as an agricultural pest 
(Miles, Wood, & Thomas 1931, Carrick 1942). It 
is highly omnivorous, feeding chiefly on the leaves 
of plants but also attacking roots and stems and 
apparently feeding to some extent on general humus. 
It spends the daytime in the eryptozoie niche but 
may come out onto plants to feed at night or, ‘n 
very wet weather, even in the daylight. 

The eggs are sometimes deposited in wet soil but 
are generally deposited in small clumps in the eryp- 
tozoie niche where they require several months to 


mature. 

No predators were seen to eat Deroceras although 
they are said to be eaten by birds, moles, toads, and 
shrews (Miles et al. 1931) and also by ecarabids and 
staphylinids (Theobald 1905). 

Slugs are very sensitive to dry conditions and hot 
dry weather reduces viability, mating, and oviposi- 
tion. They are resistant to cold weather and will 
remain active and continue to breed in near-freezing 
temperatures. Miles mentions them as migrating 
vertically in winter as well as in very dry weather 
and this has also been observed by the writer. They 
will, however, survive solid-freezing near the sol 
surface. 

Retinella rhoadsi was much the abundant 
species of snail encountered and is the only one con- 
sidered in the quantitative counts. It is probably a 
fungus feeder and seems to be found only in rotten 
logs or in the eryptozoic niche. In winter small 
aggregations of these snails could be found by 
digging in the soil under the boards. 


most 


Isopods 

Isopods of the suborder Oniscoidea are very im- 
portant members of the eryptozoic fauna in many 
widely separated parts of the earth. In the present 
study the species Trachelipus rathkei ( = Porcellio 
rathkei = Tracheoniscus rathkei) was perhaps the 
single most characteristic eryptozoie species, while 
the form mentioned by Dendy as typical for Aus- 
tralasia is the closely related Porcellio graniger and 
a species of Porcéllio was common in the Brodskys’ 
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samples from Turkestan. Similarly, the genus Tri- 
choniscus occurs in New Zealand (Grimmet), Den- 
mark (Bornebusch), Panama (Williams), and also 
in Eastern North America, while Oniseus, which oc- 
curs in the United States and continental Europe, 
is also mentioned by both Dendy and Bornebusch, 
and the closely related Alloniseus was a constant 
and typical element in Dammerman’s Malaysian stud- 
ics although he found isopods to be less abundant 
at altitudes above 3000 m. In all of the woodlands 
of the Chicago region some species of isopod seems 
to be one of the most conspicuous eryptozoie ani- 
mals. It is interesting to note that one of the fae- 
tors which led Grimmet to suspect a wide difference 
between the woodland faunas of New Zealand and 
the United States was the fact that Shelford (1913a) 
makes little mention of terrestrial isopods. 
Trachelipus is a very general feeder will 
survive almost indefinitely on decaying wood or, in 
the lnboratory, even on wet paper towels. 
Euferonia, Galerita, and Anomoglossus have been 
seen to eat young isopods, and ants (Formica) have 
often been seen carrving dead isopods although these 
may have died before being found by the ants. 
Brooks (1942) states that some ponerine ants prey 
on isopods. Repeated observations have failed to 
support the common assumption that these isopods 
are preyed upon by centipedes. In hours of wateh- 
ing the animals under a dim red light in the labora- 
tory, Lithobius has been seen to devour innumerable 
collembola and perhaps other minute forms such as 
psocids and mites but was never seen to attack either 
adult or immature Trachelipus even when these were 
abundant and were frequently encountered by the 


and 


centipedes. 

These isopods form large aggregations under the 
influence of environmental conditions and a number 
of studies of animal behavior have been concerned 
with this problem (Allee 1926, Gunn 1937, Waloff 
1941). The methods by which aggregations are 
formed on a dry substratum have been well described 
by Allee (1926) and such an aggregating tendency 
may have survival value in reducing evaporation from 
the body. 

Isopods are generally negative to light and sel- 
dom wander outside the eryptozoie habitat in the 
daytime. However, Abbot (1918) found this re- 
action in Poreellio to be somewhat variable and re- 
cords a case when the ground was flooded and the 
isopods were to be found in the davtime on green 
plants several feet above the ground. The writer 
observed this same thing on September 16, 1942. 
The ground was very wet, the temperature was 
27.5 C., the relative humidity was 80 percent, and 
the day was bright but cloudy. Several isopods 
were seen on oak trees at heights up to 1.5 m. and 
one individual which was watched remained practi- 
cally motionless for over one hour. It then de- 
scended the tree trunk and disappeared into the 
grass. 

When tested in the humidity gradient, Trachelipus 
showed no tendency to approach either the wet or 
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the dry end but moved about at random with indi- 
viduals at the dry end of the apparatus dying more 
rapidly than the others. 

Active isopods were several times found under 
boards where the temperature was 0° C. and in the 
laboratory they will remain active overnight at a 
temperature of —1° C. However, a very slight de- 
crease from this temperature is rapidly lethal. In 
one test of twenty individuals, ten were killed by an 
exposure of one hour to —2.6° C., and in twelve 
attempts only one individual survived an exposure 
of one hour to a temperature of —4.5° C. 

No striking heat conservation by aggregations of 
Trachelipus was demonstrable in the laboratory. In 
a sealed half-pint vacuum bottle exposed to a tem- 
perature of 4° C., the temperature of 27 adult iso- 
pods fell to 9.2° C. in 17.5 hours while the air tem- 
perature in another bottle, known to provide equiva- 
lent insulation, fell to only 8.5° C. The difference 
in specific heat between the isopods and air probably 
accounts adequately for the difference in final tem- 
perature. 

Apparently the cold weather of early winter is a 
eritieal time for Trachelipus which is active down to 
—1° C. but must migrate vertically into the soil 
before the temperature falls another two or three 
degrees. On December 10, 1942 following a very cold 
night which froze all of the boards solidly to the 
ground, the isopods were found aggregated in holes 
under the boards, most of them at a depth of about 
5 em. at which depth the soil temperature was 4° C. 

Newly hatched isopods appeared in early spring 
(May 25 in 1942) and they seemed to emerge in 
several waves, reaching a maximum about August 2 
and continuing until frost. The last group recorded 
in 1942 was on August 27. Grimmet (1926) noted 
an autumn and winter increase in isopods coinciding 
with periods of increased rain. 

Isopods migrate vertically when the soil becomes 
dry, as noted by Bornebusch, but in this study they 
were almost never found burrowed in the soil exeept 
under a board. Thus they eseape unfavorable condi- 
tions by migrating from the eryptozoie niche to the 
subterranean niche. Miller (1938) found the op- 
timum relative humidity for terrestrial isopods to 
be 100 percent. 

At night isopods may be found moving about in 
the grass but there is no nocturnal mass exodus from 
the eryptozoie niche such as shown by the slugs. 
Most of the isopods found under boards in the dav- 
time will still be found there at any hour during the 
night. 


Spiders 


Spiders were of very eommon occurrence under 
the boards, particularly in the autumn when many 
species descended from the above vegetation. Most 
species were represented by one or few individuals 
and have not been identified. The families Lycosidae, 
Argiopidae, Thomisidae, and Clubionidae were ap- 
parently best represented but this observation is 
somewhat qualitative. The families Lycosidae and 
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Clubionidae were prominent in Grimmet’s collections 
in New Zealand and Dogel took many lycosids in the 
soil in Russia as did Dammerman in Malaysia. 
Spiders may descend to considerable depths in the 
soil and argiopids and lyecosids were found by 
Motter (1898) in coffins exhumed after several years 
burial in Washington, D. C. 

For the purposes of this study the spiders have 
been lumped into a single group because the data 
are inadequate for considering families or species 
individually and because all of the spiders are pre- 
dacious. 

Spiders always attained maximum numbers in the 
autumn and many juvenile forms were found. The 
number of spiders under the boards also increased in 
dry weather. Lowrie (1942) states that the substra- 
tum and humidity are the most important factors 
controlling the distribution of spiders and Weese 
(1924) found that most spiders are unable to com- 
plete their development or to emerge except under 
conditions of high humidity. Many adolescent 
spiders also hibernate in the ground and in deeay- 
ing logs. Probably some spiders do typically prey 
on eryptozoa but the data of this study are inade- 
quate to designate any truly eryptozoie spiders. 


Chilopods 


Chilopods are very characteristic in soil, litter, 
and eryptozoie habitats nearly everywhere although 
not recorded by Anderson & Falk from Iceland. 
In the present study and that of Pearse (1943) they 
were found more in litter than in the soil, and Adams 
(1915) considers them as characteristic members of 
the “humus and rotten log communities.” However, 
chilopods do oceur in the soil outside of the erypto- 
zoie niche, and they migrate vertically, especially in 
dry weather. Geophilids were not uncommon in the 
soil of these woods but only one individual was taken 
from under a board so this family is here considered 
as belonging to the hypogeous fauna. 

Lithobiids were found most commonly under boards 
although also occurring in the soil, and they probably 
represent forms ranging between the hypogeous and 
eryptozoie faunas. Dendy listed chilopods as charae- 
teristic eryptozoic animals in Australasia, Borne- 
buseh found them in soil and litter in Denmark, and 
Thompson found lithobiids and geophilids in arable 
land in England. The same two families were char- 
acteristic of Diem’s alpine studies and Grimmet’s 
work in New Zealand, and chilopods were invariably 
an element in Dammerman’s Malaysian studies where 
they occurred in all habitats from the rain forest 
to barren coral islands. It appears that the families 
Geophilidae and Lithobiidae are characteristic of 
soil and surface faunas over much of the world and 
that the lithobiids are more associated with the eryp- 
tozoic habitat. Many of the genera and species are 
widespread. Lithobius forficatus, the common centi- 
pede in this study, was found by Thompson in Eng- 
land and its range also includes continental Europe 
and South America. 

As already stated, the indications are that this 
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species feeds primarily on collembola and other 
minute forms. There were no indications that they 
eat either roaches or isopods although they are 
cannibalistic and the writer has twice found Litho- 
bius under boards swallowing smaller members of its 
Thus they are capable of taking fairly 
large food. Like the roaches, the majority of the 
centipedes leave the eryptozoie niche in late autumn 
and hibernate in decaying logs or beneath bark where 
they may form hibernating aggregations. One such 
aggregation found by the writer in a decaying log 
contained nineteen adult Lithobius. Thus an animal 
which is usually described as solitary may show some 
social traits in autumn and winter. An aggregation 
of nine adult Lithobius was found under a board in 
October, 1942. 

Immature Lithobius usually were found under the 
boards from about mid-August until mid-September. 
In 1942 they occurred from August 27 until Septem- 
ber 12. 

In the humidity gradient Lithobius always moved 
rather rapidly to the most humid compartment and 
remained there motionless. On the paper subtrate 
they appeared not to differentiate between wet and 
dry halves. Despite their positive reaction to moist 
air. centipedes oceurred about equally in the grazed 
and ungrazed portions of the woods. 


own species. 


Diplopods 

Diplopods, like chilopods, are characteristic of 
litter and eryptozoie faunas over much of the world. 
As mentioned by Jacot, they are more typically found 
under debris and stones than in and so are 
more eryptozoie than the chilopods. Although many 
families of diplopods oceur in such habitats, the two 
families Julidae and Polydesmidae seem to be most 
tvpical and are usually encountered in studies of the 
fauna of litter and debris. The iulids seem to require 
more specific habitat conditions than the polydesmids 
and so are less generally distributed. Jacot found 
julids particularly common in moist woodlands es- 
pecially where the soil was not too compact. and 
Bornebusch found them associated specifically with 
mull soils. Dammerman (1925) found the Julidae 
characteristic of small islands near Java and the 
fam'ly is also mentioned for New Zealand by Grim- 
met and by Pillai for Bavaria. Julids are common 
ervptozoic animals in many woodlands near Chicago 
and, in fact, in the wet area mentioned earlier on the 
farm where this study was conducted, but thev were 
rare in the area studied. The polydesmids, on the 
other hand, were found bv Bornebuseh to be inde- 
pendent of soil type and they seem to be much more 
generally distributed. They were abundant in this 
study and have been reported in nearly all studies 
which reported julids. Diem, Dogel, and Pfetten 
recorded polvdesmids but not julids. 

One species, Scytonotus granulatus, made up well 
over 90 percent of the diplopods encountered and 
only this species was used for quantitative analysis. 

Seytonotus was one of the most characteristic of 
the eryptozoa but also oceurred, although less abun- 
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dantly, in the soil. It is apparently a very general 
feeder utilizing nearly any kind of organic matter 
such as plant roots, decaying wood, and acorn husks. 
They are also scavengers and have several times been 
found feeding on dead isopods. In the laboratory 
the writer has twice seen these diplopods attacked 
and killed by carabid beetles (Galerita) but in both 
cases the diplopod was dropped immediately and not 
eaten. The indirect evidence relating to predation 
on this species by spiders will be discussed later. 

In the humidity gradient Seytonotus tended to 
move to the moist end as does Fontaria (Shelford, 
1913). On humid nights in the field the Sevtonotus 
would frequently emerge and form aggregations on 
the upper surfaces of the boards. The largest such 
aggregation recorded was found at 2:00 A.M. on 
August 21, 1942 when 57 Sevtonotus were on top of 
one board. All had moved back under the board by 
6:00 A.M. although such aggregations sometimes re- 
mained in shaded spots until after 7:00 A.M. These 
diplopods were seldom found out wandering in the 
grass and, although they were sometimes seen on 
fence posts and tree trunks, thev were not seen to 
eat green vegetation or to leave the ervptozoie niche 
to feed. 

The eggs evidently hatched in late June and by 
late July it was unusual to find a fullv grown adult. 
In 1942 newly hatched Sevtonotus were first found 
on June 12 and by July 31 very few adults were 
found. The juvenile forms mature rapidlv and in the 
autumn most of the Sevtonotus encountered were 
adult. However, newly hatched individuals were still 
present in one area on September 3. 1942. It is pos- 
sible that the adults mature in autumn and hibernate 
in the soil under the boards, dying after breeding in 
the first half of summer. 


Collembola 


Collembola are usually abundant in soil surface 
and litter samples but were not recorded in the 
Brodskys’ samples from an arid region. Thompson 
(1924) found that collembola and acarina make up 
most of the fauna of arable land while others, ¢s- 
pecially Bornebusch, have noted a reeciproeal rela- 
tionship in the abundance of mites and collembola 
varving with soil and humus tvpe. In this study 
collembola were much more abundant than mites and 
were characteristic particularly of the eryptozoie 
niche although often migrating vertieallv into the 
soil. Many genera are verv widelv distributed. The 
one genus of sminthurid encountered (Ptenothrix) 
is also reported by Handschin (1925) from Java and 
Sumatra. The entomobrvid genera Entomobrva and 
Tomocerus which were the most common ecollembola 
in this study are also recorded from Java and Suma- 
tra by Handschin, by Bornebuseh from Denmark, by 
Diem from the Alps, and by Lindroth from under 
stones in Teeland. TJsotoma viridis is cosmopolitan 
although Diem found it replaced by another species 
of Isotoma (J. palustris) at the highest altitudes 
in the Alps. 

The five species of collembola have been lumped 
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into a single group for analytical purposes because 
of the difficulties of identification under field eondi- 
tions and because no really satisfactory census meth- 
od was devised. 

The collembola are primarily feeders on decaying 
organic matter, soil humus, fungus, and fungus 
spores (Mills, personal communication) although 
some species are predacious (Macnamara 1924). 
Mites, staphylinids, nematodes, dipterous larvae, 
Lithobius, and spiders are among the forms which 
have been mentioned as predators of collembola 
(Mills, Maenamara 1919, Ford 1937) and the writ- 
er’s observations suggest that Lithobius forficatus 
subsists largely on collembola. 

Most collembola are non-tracheate, 
being cutaneous, and are extremely sensitive to low 
humidity (Maenamara 1924). Davies (1928) found 
for every species tested in a humidity gradient that 
the optimum relative humidity was 100 percent al- 
though specific differences existed in ability to sur- 
vive in dryer air. The resistanee of collembola to 
drying is also increased if there is a film of moisture 
on the surface with which they are in contact. 

Many ecollembola apparently survive high tempera- 
tures only in the egg stage (Folsom 1923) so maxi- 
mum adult populations tend to be attained in winter 
(Bornebusch, Ford 1937). Oviposition is said to 
oeeur only in darkness (Maenamara 1919) and may 
be restricted to a particular season of the vear. 

Collembola eseape unfavorable conditions in the 
eryptozoie habitat by migrating vertically along holes 
left by roots or by burrowing animals and these mi- 
grations may oceur daily as the soil dries locally 
(Davies 1928, Volz 1934). Some vertical migration 
also occurs in response to frost, although collembola 
generally survive being frozen solid. Some species 
are active all winter even in cold regions and the 
life span of an individual may exeeed one vear 
(Maecnamara 1924). 

Collembola populations may respond very rapidly 
to favorable conditions as the eggs of some forms 
hatch in from six to ten days after oviposition (Lub- 
boeck 1871). Populations were found to inerease 
conspicuously with increased soil moisture as also 
noted by Ford (1937). Ptenothrix was very rare in 
the grazed portion of the woods and was never found 
under boards before mid-July. Tomocerus first ap- 
peared in 1942 on August 2 and thereafter became 
more abundant on each trip up until the time of 
frost. 


respiration 


Orthoptera 

The most common orthopterans in the eryptozoie 
habitat were the Blattidae, although the distribution 
of roaches was largely controlled by specific local 
conditions sueh as grass height. Roaches tend to 
select larger pieces of debris for shelter so they are 
not especially common in ordinary soil and litter eol- 
lections. Crickets were also eryptozoie, especially in 
the autumn and in the same areas as the roaches. 
Dammerman (1937) lists one gryllid as character- 
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istic of the detritus fauna. Other orthoptera were 
never common under the boards. 

Parcoblatta is very omnivorous, being primarily a 
seavenger on both animal and vegetable debris and 
also a very minor predator (Blatchley 1920). 

Roaches are eaten by toads (Bufo) and the writer 
has seen young nymphs eaten by large earabids 
(Galerita and Euferonia). Blatechley states that 
both larval and adult carabids eat many othoptera. 

Mating takes place in early summer, the newly 
hatched young appear in August, and the winter is 
passed in the nymphal stage. When cold weather 
appears, many roaches leave the eryptozoie niche and 
move into rotten logs or under the bark of stumps 
where the winter is passed in large aggregations. A 
few descend into the soil and may come to the sur- 
face on warm winter days. Two very sluggish roaches 
were found under one of the boards on January 15, 
1944 after a period of unusually warm weather. 
Roaches survive very cold weather. In one experi- 
ment four Pareoblatta were kept at a temperature 
of —21° C. for 24 hours and the two whieh sur- 
vived recovered normal motility within 20 minutes 
after removal from the freezing chamber. 

When roaches were brought into the laboratory 
and placed on a partially wet substratum they showed 
no discrimination between wet and dry areas but 
seattered at random over the available space. When 
tested in the humidity gradient they definitely avoid- 
ed atmospheric humidities above about 60 percent 
R.H. and were extremely tolerant of dry air. Some 
individuals were still alive after 75 hours exposure 
to a relative humidity of approximately 11 percent. 
Figure 1 shows the autoselected humidities for 69 
roaches tested in the humidity gradient apparatus. 
The association of roaches with the grazed portion 
of the woods is possibly attributable to the lower 
humidity under boards lying on soil with a low 
water-holding capacity. 
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Crickets are also very omnivorous. They are ean- 
nibalistie and eat dead inseets as well as grass and 
other vegetation. They probably have many preda- 
tors and the writer has on many oceasions found 
earabids (Euferonia and Searites) eating young 
crickets. 

In the Chieago region erickets pass the winter as 
eggs and the adults appear in late summer. They 
always appeared earlier in the grazed portion of the 
woods than in the ungrazed part. In 1942 the first 
crickets appeared in the grazed portion on June 12 
and none was found under boards in the ungrazed 
portion until July 30. Crickets were always most 
abundant in association with short grass and with 
the grazed portion of the woods but they were less 
confined to these situations than were the roaches. 

Gryllus spent much of the daytime under boards, 
particularly on sunny days, but at night they often 
left this niche to feed. In autumn the large females 
moved under the boards to oviposit and died there, 
presumably killed by the cold weather. Seavenging 
ants were frequently found feeding on these dead 
females. 

Dermaptera 

No dermapterans were taken although earwigs ap- 
pear to be true eryptozoa in other woodlands in the 
Chicago region. Many of the forfieculids are cosmo- 
politan and probably are often typical members of 
the eryptozoic fauna. Their absence from these 
woods is of some interest. 

Coleoptera 

Coleoptera are almost always found in soil, litter, 
and eryptozoie habitats although Dammerman (1937) 
found beetles absent from certain coral islands near 
Java. With so many families and genera of coleop- 
tera it is rather startling to find the same groups 
mentioned repeatedly by authors writing on soil and 
litter faunas in various parts of the world. In the 
present study the families Staphylinidae, Carabidae, 
and Histeridae were typically common under the 
boards while other forms not typical of the erypto- 
zoic niche were only common in autumn and spring. 

In Table 3 are listed coleopteran families which 
have been mentioned as particularly abundant or 
characteristic from a number of studies. It will be 
noted that the carabids and staphylinids are usually 
a predominant part of the fauna although Dammer- 
man found that, in the tropies, these two families 
are of reduced importance in the lowlands. In many 
eases the same genera are prominent in widely 
separated regions. The genus Notiophilus (Cara- 
bidae) was prominent in the studies by Cole, Lin- 
droth, Pillai, Brodsky, Bornebusch, Pearse, and 
Buckle, and many of the staphylinid genera are of 
similarly wide distribution. Four of the twelve most 
common genera of carabids found by Bornebusch 
were also found in the present study and, of the 
twelve most common genera of staphylinids taken 
by Bornebusch, five were also common under boards 
at Plano. Both carabids and staphylinids were 


nearly as common in the litter and sod as under the 
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TABLE 3. The important coleopteran families in vari- 
ous studies. 





Cry PTozoic Non-CryPtozoic orn SEASONAL 


| 














2 || 
eli3slelalelalalzi4| 
Study 3 = 3 | | = | 3 | .s |-2)3 | Orners 
S2\2/S/2/38/ 8/2/3814 
EGE sh ae sec Oe oe eee 
Clnalzl/Sl/Mlal/Olaelo] 
See enmeweemernes| pct (sail (hada asl vice 8 ead! Peal Prue) Doael PER aes 
| | |Chrysomelidae 
Cole | | | | | Cucujidae 
Illinois. . . Cc; X| xX X | X |X| X | X |Nitidulidae 
Lindroth } | | 
Iceland x x x |X |X| X|....]....|Cucujidae 
Dogel | | | 
Leningrad ae ae Bete te se: | 
Dammerman | | | | | 
Malaysia. . . . Zi x} pee ee | rare| X |..../Seydmaenidae 
Pillai } | | |Cleridae 
Bavaria.......| X | X Xt ee | X |Ipidae 
Pfetten — | | | | | 
Bavaria.......| X | X |....| X | X]....| X | X | X |Cantharidae 
Bornebusch | | | Nitidulidae 
Denmark. . > ae! sofeses| Bet tees) de: [ass] Oe 
Brodsky | | | | | |Cantharidae 
Turkestan.....; X | X | X - | X | X | X | X |Anthicidae 
Pearse | | | 
N. Carolina ‘zizti X | X | X |rare| X | rare|Chrysomelidae 
Thompson | 
England..... xix} > A Pe ae ols Be eee eee 
Grimmet | | | | 
New Zealand...) X | X|....) X| XJ....] X|.. et 
Williams | | | | | Ptiliidae 
Panama.... |X|} X)]X)] xX); xX] xX) xX] x ..|{[pidae 
Buckle | | | | | 
England....... | X | xX ies taal 3 | os ‘nae 
| | | | | | 








boards, so these two families, while typical of the 
cryptozoic habitat, must be considered as overlapping 
the general soil and litter fauna. 

Two species of histerids were found to be charae- 
teristically eryptozoie but the family is not commonly 
recorded as an important part of the litter fauna. 
Pselaphids are apparently important eryptozoic 
forms in many regions and it seems somewhat sur- 
prising that none was taken. Table 3 seems to sug- 
gest a reciprocal relationship between the families 
Histeridae and Pselaphidae. 

The other coleopteran families listed in Table 3 
are not really characteristic of the eryptozoie niche. 
The table indicates, however, a striking constancy of 
the coleopteran fauna not only of the eryptozoie 
habitat but also of the soil and litter habitats in 
various parts of the world. 

For quantitative analysis the species Aeletes 
politus was the only histerid considered because it 
represented about 90 percent of the histerids en- 
countered. This species is actually smaller than some 
of the collembola and its funetion in the dynamies 
of the fauna is probably that of a seavenger rather 
than a predator. 

The staphylinids were considered as a_ single 
group largely because of the difficulty of distin- 
guishing species in the field. These beetles are im- 
portant predators and scavengers in the eryptozoie 
niche although they were fully as abundant in the 
humus layer of the soil as under the boards. Thus, 
like the large carabids and centipedes, they represent 
forms which overlap two habitats. The two most 
abundant and characteristic forms were Apocellus 
sphaericollis and Philonthus sp., both of which gen- 
erally occurred in small colonies and sometimes 
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formed large aggregations. Philonthus was only 
abundant in this niche in autumn. Staphylinids were 
freqeuntly found feeding on dead crickets and cara- 
bids and it seems likely that they are more im- 
portant in the eryptozoic fauna as scavengers than 
as predators. 

For quantitative purposes the carabids have been 
divided into two categories on the basis of size. 
The category “large carabids” consists of the fol- 
lowing forms: Euferonia, Galerita, Calasoma, 
Searites, Harpalus vagans, Anomoglossus, Dicaelus, 
and Anaferonia. Of these, Euferonia stygica was 
generally the most abundant, with Scarites substria- 
tus being second in 1942 but being almost entirely 
replaced by Harpalus vagans in 1943. The “small 
earabids” consisted of Harpalus vulpeculus, Platynus, 
Calathus, Pristodactyla, and Notiophilus, with Har- 
palus and Calathus being far more abundant than 
any of the others. 

These carabids are predacious although they may 
eat plant material to some extent (Buckle 1923). 
The larger forms are probably more effective as 
predators, are less confined to the eryptozoie niche 
than are the small earabids, and show a different 
type of seasonal and spatial distribution. Therefore, 
the assumption is made that each of these categories 
is relatively homogeneous and distinetive. The diffi- 
culties of field identification and the small numbers 
of individuals precluded separate analysis of each 
carabid species. 

In summer, when the grass provided shelter, the 
large carabids were nearly as abundant in the sod 
as under the boards. Thus they apparently overlap 
between the hypogeous and the eryptozoic faunas. 
Nevertheless, they are probably the most important 
eryptozoie predators in this region and might be ex- 
pected to exert a considerable influence on this fauna. 
These beetles dig short burrows, usually from one to 
five em. deep, and were often found quiescent in 
these holes under boards. 

The greatest increase in the eryptozoie population 
of large carabids approximately coincided with the 
appearance of newly hatched roaches and the beetles 
feed on these to some extent. However, they are 
euryphagous and their distribution with respect to ex- 
perimental areas indicates that their populations were 
not closely integrated with the roach population. 

These carabids showed no apparent. discrimination 
between wet and dry substrata although in the humid- 
ity gradient they moved fairly rapidly to the moist 
end and remained there, motionless. Hamilton 
(1917) also found that carabids move to the moist 
end of a humidity gradient. 

Breeding apparently continues throughout the 
summer. In 1942 copulating Euferonia were re- 
corded on April 22, May 6, June 25, July 4, July 8, 
July 25, August 3, August 27, and September 16. 

These beetles are also cannibalistic and the writer 
has several times seen one of them feeding on the 
remains of another. In the cold weather of spring 
and autumn, however, they tended to be found to- 
gether in small aggregations often containing more 
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than one species. They hibernated both in the 
ground and in decaying logs. From an aggregation 
in one decaying log in winter the writer took twelve 





large carabids. 

The small carabids were much less abundant than 
the larger forms and the data on them are less com- 
plete. They tended to form small aggregations in 
winter and many left the eryptozoic niche to hiber- 
nate in decaying logs. Copulation was most fre- 
quently observed in the autumn and eight copulating 
pairs were found on September 18, 1942. Small 
carabids were often found out in the grass at night 
but seldom seemed to leave the shelter of the boards 
in the daytime. 

Ants 

Ants are often a very characteristic part of the 
eryptozoic fauna. In many studies of litter faunas, 
as well as in this study, the ants were much the most 
abundant of the larger organisms. Many genera are 
very widely distributed. Of the nine genera found 
in the present study, eight occurred in Pearse’s study 
in North Carolina, five were found by Dammerman 
in the Malay Archipeligo, and three by the Brod- 
skys in Turkestan, while only the genus Camponotus 
occurred in common with Williams’ study in Panama. 
Like the termites, the local Camponotus is typically a 
wood-inhabiting form and many of the other ants 
seemed to be as common in the general litter and 
grass as in the eryptozoie habitat. Ant colonies 
alter the habitat under a board and they must be an 
influential factor in the eryptozoie fauna of many 
places. Ants are not reported either by Anderson 
& Falk or by Lindroth from Iceland and Dammer- 
man found that they do not oceur at elevations above 
2000 m. in Malaysia. Thus their presence in the 
eryptozoic fauna is more variable than that of the 
coleoptera. 

The most common ants were Lasius niger, a species 
that oceurred in this woods as often under leaves as 
under boards, the three species of Formica, and 
Crematogaster lineolata which seemed to be the most 
typically eryptozoie species. The role of the ants is 
probably chiefly that of scavengers (Wheeler 1913). 

The habitat relationships of all species encoun- 
tered in this study have been described by Talbot 
(1934). She finds that Formica pallidifulva schau- 
fussii incerta is more tolerant of xerie conditions 
than is the subspecies nitidiventris fuscata and the 
present study corroborates this observation in that 
schaufussi was more common in the grazed portion 
of the woods where the soil had a lower water- 
holding capacity. 

Formicas were often seen carrying dead animals 
of other species and when large Formica colonies 
occurred under boards they tended to drive out most 
other animals. Collembola were characteristieally 
absent from these boards and it is possible that some 
of the ants act as predators. 

There also seemed to be a tendency for the ants 
to be more common under the boards which received 
most sunlight but the data are inadequate for 
analysis of this factor. 
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Vertebrates 

Vertebrates such as mice, moles, snakes, lizards, 
and amphibia may enter the eryptozoic niche but 
are usually not true members of this fauna. It 
seems probable, however, as suggested by Dendy, that 
certain amphibia should be considered as true eryp- 
tozoa. Frogs and toads were seasonal residents 
under the boards in wet weather but elsewhere in the 
Chicago region salamanders, particularly Plethodon 
cinereus, typically inhabit the eryptozoie niche and 
lay their eggs there. 


RELATED FAauNAS 


A number of animal habitats, including the eryp- 
tozoic habitat, have as their primary characteristic 
the provision of shelter from light, high temperature, 
air of high drying power, and, to a less important 
extent, from such factors as wind and precipitation. 
Such shelter is to be found in the mineral soil, in 
caves, and in the interior of logs and stumps. In 
wood, however, this shelter is only available, at least 
in the early stages of decay, to animals capable of 
penetrating this material. Savely (1939) has studied 
the ecological succession of animals in dead logs from 
soon after cutting until the logs were well decayed 
and merging into the forest floor. His study reveals 
a fauna which has many species in common with the 
eryptozoic fauna but with a different group of 
characteristic forms which are largely wood-eaters. 
In general, as succession proceeds, the fauna more 
nearly approaches the eryptozoic fauna which is 
characterized by forms which inhabit the niche chiefly 
for the shelter which it provides. In caves, as in 
the eryptozoic niche, the characteristic forms are 
chiefly scavengers and predators but the true 
eavernicolous faunas are quite distinct from the 
eryptozoic fauna. Racovitza (1907) has drawn a 
distinction between the cave fauna and the hypogeous 
fauna on the basis of degree of morphological modi- 
fication. 

The shelter obtainable by burrowing into mineral 
soil is largely restricted to forms capable of digging 
and of tolerating oceasional flooding of the habitat 
and an atmosphere low in O: and high in CO: al- 
though the typical eryptozoa may penetrate to con- 
siderable depths along holes left by earthworms, bur- 
rowing mammals, or decaved roots. As found by 
Thompson (1924) for collembola, many eryptozoa 
will descend more deeply into loose and well aerated 
soil. The fauna of this study bears some remarkable 
resemblances to that studied by Motter (1898) in an 
unusual investigation of the fauna of 150 human 
bodies disinterred after several years burial at a 
depth averaging over 1.5 m. in a Washington, D. C. 
cemetery. He found earthworms, four species of 
gastropods, isopods, nine genera of mites, and five 
genera of myriopods ineluding Lithobius and Julus. 
The numerous inseets included collembola, termites, 
families of (ineluding ecarabids, 
pselaphids, staphylinids, nitidulids, elaterids, seara- 
beids, and cureulionids), eight families of diptera 


nine coleopters 
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(including Mycetophilidae and Phoridae), and eight 
genera of ants. Jn all he obtained no fewer than 
fourteen genera which were also encountered in the 
present study. The most abundant beetles were 
staphylinids. While it is clear, as pointed out by 
Dendy, that no sharp dividing line ean separate the 
cryptozoic fauna from the fauna of the soil, the 
two are normally quite distinct during the summer 
months and where the soil has not been subjected 
to mixing which inereases aeration and distributes 
organic matter to unusual depths. 

There is also a seasonal interchange of species be- 
tween the eryptozoie niche and other niches. Forms 
which typically live in vegetation or along the forest 
margin during the summer may appear in the eryp- 
tozoie habitat in the autumn and many typical eryp- 
tozoa descend into the soil in winter or move to 
hibernacula under the bark of stumps. Thus, al- 
though the eryptozoa form a distinetive fauna char- 
acterized by a peculiar combination of typical forms, 
there is an overlapping of some animels between the 
eryptozoic and other habitats and also a seasonal 
interchange of animals with other niches. 

With respect to food supply, the fauna of any 
niche may be roughly divided into key-industry 
forms, those which convert available organic matter 
into animal protoplasm, and associated forms which 
are largely predators, parasites, and scavengers. In 
decaying logs many of the key-industry forms are 
wood-eaters while the true hypogeous fauna contains 
numerous forms such as many scarabeid and elaterid 
larvae which feed upon the roots of vegetation. Such 
food sources are largely absent in the eryptozoie 
niche and the key-industry forms tend to feed on 
the general humus or to be very omnivorous. In ad- 
dition, some fungus feeders such as myeetophilid 
larvae and many snails are able to feed on molds 
growing in this niche while others such as ants may 
live in the eryptozoic niche but obtain their food 
supply by foraging outside. 


GENERAL FAUNAL FEATURES 


The total number of inspections of boards re- 
corded in this study was 8,380 and the total number 
of animals was 129,654. It must be remembered that 
the count of ants was subject to considerable error 
and that certain forms such as ecollembola, aearina, 
nematodes, psocids, and cicadellids were not counted 
at all. Other atypical or rare forms such as earth- 
worms and diplurans have been omitted from the 
following table (Table 4) which shows the relative 
abundance of the important groups of animals. The 
only really important and typical forms omitted are 
the collembola. 

Table 4 indicates the extent of observations but 
not the true composition of the fauna at any one 
time or place. Some of the forms included are pres- 
ent only at a particular season or in a particular 
part of the locality studied and some are not truly 
cryptozoic. In Table 5 the more typically erypto- 
zoie forms are grouped according to food habit. 
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TABLE 4. The total numbers of animals counted. 

















Total | Percent | Percent of Total 
Form Number | of Total | (Omitting ants) 
Trachelipus......| 18,741 | 14.45 | 49.71 
Diplopods...... | 2,462 | 1.90 | 6.53 
Deroceras........ 1,598 | 1.23 4.24 
Large carabids. .. .| 919 | 0.71 | 2.44 
Small carabids. .. .| 395 | 0.30 | 1.05 
Lithobius....... 676 | 0.52 1.79 
ae 964 0.74 2.56 
Staphylinids..... 821 | 0.63 2.18 
Histerids........ 424 | 0.33 | 1.13 
Parcoblatta......| 3,317 | 2.56 8.80 
Gryllus.......... | 4,623 | 3.57 12.26 
Retinella....... | 1,199 | 0.92 | 3.18 
Nitidulids........| 138 | O.11 | 0.37 
Myodochus. .... .| 244 0.19 0.65 
Telephanus..... 50 | 0.04 0.13 
Coccinelids ..... 149 0.11 0.40 
Curculionids... . 33 0.03 0.09 
Adult diptera.... .| 92 0.07 0.24 
ae 10 0.01 0.03 
Meracantha larvae 23 0.02 0.06 
Other larvae... . .| 795 0.61 2.14 
Amphibia... _. | 16 | 0.01 0.04 
Other vertebrates 7 0.01 0.02 
Lae | 91,957 | 70.92 —y 





TABLE 5. Numbers of cryptozoa grouped according to 


food habits. 














Total 
Form Number Percentage 

Trachelipus............. 18,741 
UN i wc ph case 4,623 
Parcoplatta............. 3,317 
Sree 2,462 
Sirs cP be ar 425 

Total omnivores and scavengers. 29 568 81.82 
| Se eee 964 
Large carabids.......... 919 
Staphylinids............ 821 
EA ere oe 676 
Small carabids.......... 395 

Total predators................ 3,775 10.44 
SIO Sis in cuban 1,598 
SRE eee 1,199 

Total plant and fungus-eaters. . . 2,797 7.74 

EP eee ee 36,140 100.00 





It is evident that much the greatest part of the 
eryptozoic fauna consisted of scavengers or very gen- 
eral feeders. If the data were complete this class 
would be even larger as the collembola belong here. 
Also, although the staphylinids are listed as preda- 
tors, it is certain that they are also scavengers to a 
considerable extent. 

Inclusion of the ants in Table 5 brings the omniv- 
ores and scavengers up to 94.87 pereent of the entire 
fauna showing that the eryptozoie niche is inhabited 
primarily by animals which ean utilize the general 
organic matter found there. The faunas of humus 
and soil contain many forms which feed primarily 
on plant roots, fallen seeds, and similar plant ma- 
terial and the fauna of logs includes wood-eating 
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forms. It seems to be this primarily euryphagous 
nature which delimits the eryptozoic fauna from the 
other faunas related to it by the requirements of 
their typical members for avoiding exposure to the 
full impact of outside environmental conditions. 
Forms entering the eryptozoie niche seasonally for 
hibernation or oviposition do not to any great ex- 
tent feed within the niche and they make up a very 
heterogeneous group with respeet to food habits. 
The faunal pieture would be greatly confused if, 
for example, we were to include the phytophagous 
cieadellids and the predacious coccinelids as eryp- 
tozoa on a par with the isopods and roaches. 
Certain forms were demonstrably more abundant 
in the sod near the boards than actually under the 
boards. Table 6, which represents the results ob- 
tained on a single day, will serve as an example of 
such data. An attempt was made to count all of 
the animals in Areas X and N (30 boards) and, in 
addition, at a distanee of about 30 em. from each 
board an area of sod the size of the board was 
searched for animals to a depth of about 3 em. 
Table 6 is quite typical of the picture obtained 
on a dav when the ants are out foraging. The more 
typieally eryptozoie forms have been placed at the 
head of the list and it will be seen that they are for 
the most part readily distinguishable by means of 


TABLE 6. Relative abundance of various animals under 
boards and near boards on October 21, 1943. 


























Under boards In nearby sod 
Form Num- % of Num- % of 
ber total ber total 
Trachelipus.......... 21 3.37 f 1.69 
Collembola.......... 255 40.93 42 10.17 
Deroveras........... 11 1.77 4 0.48 
Scytonotus......... an 4.33 19 4.60 
Large carabids....... 14 2.25 4 0.97 
Small carabids...... 4 0.64 0 Peek 
ae 15 2.41 4 0.97 
OS ere 13 2.09 0 ies 
Parcoblatta.......... 20 3.21 0 
SAUOINNB..........- 8 1.28 0 
Frog (Pseudacris)... . 2 0.32 0 
eee 23 3.69 0 scaig 
Dos sy sean. | “4 | 0.64 2 | 0.48 
Myodochus......... 9 1.44 0 Datei 
Lasius niger........ 51 8.19 20 4.84 
Aphenogaster....... 11 97 30 7.26 
Crematogaster...... 7 By 7 4 0.97 
Formica subsericia. .. . 62 9.95 2 0.48 
ee 13 2.09 33 7.99 
Staphylinids......... 6 0.96 11 2.66 
_ Se : 26 4.17 143 34.62 
Curculionids. ....... 0 2 0.48 
Searabeids.......... 0 ee 3 0.73 
Adult diptera....... 5 0.80 s 1.94 
DiInGrAnS........... 1 0.16 3 0.73 
Coccinelids..........| 1 0.16 1 0.24 
ee | 4 0.64 4 0.97 
Earthworms........ 6 0.96 48 11.62 
Nematodes.......... 4 0.64 15 3.63 
Pseudoscorpions..... . 0 6 1.45 
Eee | 623 eon 413 
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Numbers of animals per 100 boards by areas. 
























































| | | Mean % 

UNGRAZED Gr. AZED or ToTaL 
ee AE ee a | eee eNO meErONT tena ee ere” | aE a 2 ae 
EE er ee H X | TP | Mise. | Mean | A | B | C D | ) | Misc. | Mean || Un- |Grazed 

No. Stations....| 20 15 121 37 193 | | a; #2; Di; DBD 44 | 32] 176 ||grazed| 
Inspections... 1550} 630! 1247] 489 | 3916 || 901 | 1 368 | 503 | 648 | 856) 188 | 4464 

SS eae, renee a | Ss Sa eee ee ee 
Trachelipus os lOle.O4 484, 60 384. 44/269. 33] 381. 59) 109.54|140.57) 44.7 73] 65. 74| 4.5 26/106. 91| 85.08)! 18. 70| 7.63 
Scytonotus..... 73.42} 62.22) 37.25} 55.21] 57 .83|| 2.66} 5.28! 4.73} 5.88} 2.60) 9. 05! 4.01]| 2.83) 0.36 
Deroceras......| 42.13) 25.24, 6.17] 7.36) 32.05]| 42.1 3} 10.01) 5. 38) 2" 10} 3.54] 11.70} 7.68 1.57| 0.69 
Lithobius....... 5.74 12.86) 10.75) 5.93 8.50) 6.33) 9.43 8.35) 6.65) 5.44) 13. 83) 7.68} 0.42) 0.69 
Spiders......... 18.84) 18.57) 11.63) 13.29 5-80) $:77| 7.31) 7:75) 1.211 3.16) 7.98] 7273] Oc77T 0160 
Large carabids. .| 12.32) 17.96 3.78] 12.07 etl 24.53) 7.97) 7.36) 1.07 6.15} 11.19 11.40}} 0.51) 1.01 
Small carabids..| 8.65 2.86) 10.58) 1.43 v< 43|| 2.00} 3.30) 0.14) 0.39) 0.71) 1.60) 2.33]| 0.36) 0.21 
Staphylinids....| 4.45 8.73} 22.61) 6.55) 11. 18} “e 541 6.51) 0.32) 1.22) 4.74) 5.33] 8.58]) 0.55) 0.77 
Histerids....... 3.68} 13.81) 11.47} 5.32 7.99) 1.78} 2.13} 0.34) 0.48) 1.84) 1.60} 2.69]; 0.39) 0.24 
Nitidulids. ..... 3.10| 3.17 2.41) 2.86 2" 86 0.78} 0.66) 0.60} 0.31) — — 0.47|| 0.14] 0.04 
Parcoblatta.... . 0.26) 26.83 9.30} 4.92 7.99]| 136.63} 59.87) 38.97) 29.01) 52.57) 63.83] 67.29]} 0.39) 6.04 
Cy re 6.26) 108.10} 0.56) 9.00) 22.17)| 151.39) 47.73] 83.30/107.42) 58.64) 85.11) 84.99]; 1.09) 7.62 
Myodochus..... 1.55} 15.71) 13.23) 8.79] 4.32 2.00} 3.16) 0.06) 1.55) 1.54) 12.79) 1.67]} 0.21) 0.15 
Retinella....... 19.68} 70.00) 15.23) 8.79) 24.24 2.00; 3.16} 0.44) 20.37) 0.47) 13.83) 5.49); 1.19) 0.49 

Cucujids.......| 0.32 2.63 1.12} 3.68 1.28])} — — - — _ — _ 0.06) — 
Coccinelids.... . 0.19) 0.16) 8.26) 6.96) 3.60)) — 0.29) - 0.31) 0.24; — 0.18); 0.18} 0.02 
Curculionids. . 0.26 1.59} 0.24) 0.41 0.48 0.11) 0.29 0.31) 0.47} 1.60} 0.31); 0.02} 0.03 
LC: ae ‘Vey: I 0.24; 1.64 2.09 0.11; 0.29) 0. 02 0.46) 0.12} — 0.22)} 0.10} 0.02 
oaks caw 965 . 94/1544 . 40/2300. 40/497 . 95) 1425. 43]| 1059 . 38/955. 41/433 .62/519. 44/711.33)/996. 28/809 .52/| 69.86) 72.61 
OS eee ~— — 0.20} 0.03)) — 0.37} 0.04) 0.31) — as 0.20]} 0.01}; 0.02 
Meracantha larv. 0. -45) 0.32! 8.26) 6.96) 0.51 0.11) 0.15) — — _- --- 0.07|} 0.02} 0.01 
Other larvae....| 11.36) 14.44) 7.40) 24.95) 12.28 3.22} 11.04, 0.18) 5.72) 5.72) — 7.03); 0.60) 0.63 
Amphibia...... 0.13) 0.62) 0.08) 0.61 0.26 0.33) — ~ 0.15) 0.12) — 0.13); 0.01; 0.01 
Other verts.....| — 0.164 — 0.41) 0.08 0.11) O " a - _ _ 0.09}; 0.00) 0.01 














such differential counts. The most surprising point 
illustrated is that the staphylinids were more abun- 
dant in the sod than under the boards although 
typical of both niches. On some oceasions large 
earabids were about equally abundant in the two 
habitats. Predators apparently exhibit less habitat 
specificity than the other forms and may find their 
prey in several niches. 


THE DISTRIBUTION OF THE CRYPTOZOIC 
ANIMALS IN SPACE 


The total numbers of eryptozoa counted in this 
study have been tabulated in Table 4. However, 
many of these forms were distributed differentially 
with respect to experimental areas and especially 
with respect to the grazed and ungrazed portions 
of the woods. In Table 7 the totals are tabulated 
according to areas and, to compensate for differences 
in amount of observation, all of the data are reduced 
to a basis of mean number of animals per 100 boards 
inspected. 

From Table 7 it is obvious that most of the forms 
were most abundant in the ungrazed portion of the 
woods. Because there are certain known differences 
between the various areas, these data also suggest 
some factors which may be operative in affecting 
the distributions of the animals. Some of the differ- 
ences between areas may be reviewed as follows: 

1. The amount of organie matter and the water- 
holding capacity of the soil was highest in the un- 
grazed portion of the woods with the exception of 
Area D which was in the grazed portion but placed 
on soil transplanted from the ungrazed region. 


2. The grass was always short in Areas A, D, and 
X and grass was practically absent in Area H. 

3. In the ungrazed locality Areas H and TP re- 
ceived the most shade and were in the densest vege- 
tation while Area X received the most sunlight. In 
the grazed locality Area B was the most shaded. 

4. Areas A and B eontained some double-sized 
boards and the two miscellaneous categories included 
larger boards and some stations which were concrete 
blocks or metal plates. Among the miscellaneous 
boards in the grazed locality there were three which 
were porous and had been eut from decaying logs. 

5. Area O was the driest and was exposed to 
grazing cattle during the study. 

Area C was on poor soil whieh still showed the 
effects of burning off thistle beds some years previ- 
ously. 

Very few forms were most abundant in the grazed 
part of the woods. The difference with respect to 
the large earabids is of doubtful significance but the 
roaches, crickets, and the unidentified psammochorid 
wasp were definitely more abundant on the grazed 
land. 

The “large earabids” may be a_ heterogeneous 
group containing some forms which preyed largely 
on roaches and henee tended to be found most in 
areas where the roaches were abundant. 

The roaches showed a definite selection of areas 
containing larger boards, Areas A and B and the 
“miscellaneous grazed” boards leading in the num- 
bers of Pareoblatta found. Short grass also appears 
to be a factor as Area A led the grazed region and 
Area X was the only one in the ungrazed part of the 
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woods to contain many roaches. From the humidity 
gradient experiments it seems likely that humidity 
conditions in the ungrazed woods were, in general 
above the optimum for Parcoblatta. This is sup- 
ported by the fact that Area D, containing the 
transplanted soil, was the poorest of the grazed areas 
despite its short grass. 

The factors affecting the distribution of crickets 
are more obseure. The distribution of Grvllus by 
areas did not correlate well with grass height, soil 
humidity, or board size. The most suggestive corre- 
lation was with increased sunlight, for the four areas 
which received the most shade were also poorest in 
crickets. Casual observation also suggests that bright 
sunlight may drive the crickets into shelter under 
boards whereas they may remain out in the grass in 
more shaded locations. 

Some of the animals, particularly Lithobius, the 
staphvlinids, ecureulionids, ants, and _ vertebrates, 
seemed to occur indiscriminately in the grazed and 
ungrazed locations. For the ants and staphvlinids 
this may be a result of combining dissimilar species, 
and vertebrates were too few in number for their 


observed distribution to have much meaning. The 
eurculionids encountered are primarily soil and 


humus forms and their occurrence under the boards 
was probably quite accidental. Lithobius probably 
really was independent of the grazing factor and 
capable of inhabiting the eryptozoie niche in this 
woods wherever a food supply was present. 

The miscellaneous larvae, a very heterogeneous 
group, and the lygaeid bug Myodochus were in- 
fluenced by the spongy boards in the miscellaneous 
group in the grazed locality and hence their abun- 
dance in this locality is exaggerated by the table. 

The other animals were almost all more abundant 
in the ungrazed part of the woods. Coeccinelids en- 
tered the eryptozoic niche to hibernate and seemed 
to select areas containing tall grass while the niti- 
dulid beetle Glischrochilus is a forest margin form 
in summer which migrates into the woods to hiber- 
nate, apparently tending to stop where the vegetation 
is most dense. Spiders probably simply descended 
from the vegetation to the ground level in autumn 
and hence tended to be most abundant in areas 
located beneath much vegetation. The cucujid beetle 
Telephanus is a soil and humus form apparently con- 
fined to the ungrazed part of this woods. When it 
was found under boards it was usually under those 
with grass beneath them. Reasons for the large lead 
in the seasonally occurring diptera shown by Area 
X are not clear but may be related to the short 
grass and humid soil since Area D was the richest 
in the grazed part of the woods. The tenebrionid 
larva Meracantha was almost confined to the un- 
grazed areas. This is another soil and humus form 
which seems to have been most abundant in the tall 
grass areas. 

Of the animals which were more abundant in the 
ungrazed region, the factors influencing Sevtonotus, 
Deroceras, and the histerid Aeletes are obseure. 
For the diplopods and slugs the two leading areas, X 
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and H, seemed to have little in common to differen- 
tiate them from the other ungrazed areas. The 
snail Retinella was apparently associated with short 
grass and moist soil as Area X led the ungrazed 
areas and Area D led the grazed areas. The spongy 
miscellaneous boards were often rich in fungus 
growth and also in snails. Small carabids were more 
abundant in the ungrazed areas and were chiefly 
associated with the areas receiving most shade. The 
isopods are very sensitive to low humidity and prob- 
ably for this reason were most abundant in the un- 
grazed areas while, in the grazed region, areas con- 
taining larger boards and tall grass had the advan- 
tage. Soil type can probably be eliminated as a fae- 
tor because Area D was poor in isopods. 


THE SEASONAL DISTRIBUTION OF THE 
CRYPTOZOA 

The abundance of each species varied considerably 
with season of the vear. In Figure 2 the mean num- 
ber of animals per 100 boards inspected is plotted 
by months for several of the more abundant or con- 
spicuous species encountered in the eryptozoie niche. 
The data refer to the year 1942. The seasonal pic- 
ture was similar for the other seasons of the study 
but inspections were made less regularly and the 
data are, therefore, less extensive. 

The most striking variation in the eryptozoic 
fauna in this region comes late in October and in 
early November when many of the typical members 
of the fauna have begun to deeline in numbers 
through vertical migration or, as with the roaches, 
through horizontal migration to take up hibernacula 
in decaying logs or under bark. At the same time 
many forms which normally live in vegetation de- 
seend to the forest floor and animals from the forest 
margin and thinly vegetated parts of the woods mi- 
grate into denser portions to hibernate. This phe- 
nomenon has been well described by Weese (1924) 
as follows: 

“The most striking phenomena of the entire period 
covered by the collections were the hibernating re- 
action of the autumn, including a migration from 
the forest margin and downward to the forest floor, 
and the migration in the opposite sense in the spring. 
The principal inciting factors of the former seemed 
to be the fall of temperature and the great daily 
range of temperature of the early autumnal period. 
The latter was likewise a response to the changing 
temperature conditions of the forest, supplemented, 
perhaps, by changing moisture and light conditions. 
The fact that many species react alike and at the 
same time to the same stimulus or combination of 
stimuli shows a great degree of similar adjustment 
to the climatie rhythm of the temperate savanna on 
the part of the characteristic insects of the region.” 

In this study the spring migration outward from 
the eryptozoie niche was gradual and not very con- 
spicuous but in the autumn forms which were not 
eryptozoic in summer, such as Mydochus and Tele- 
phanus, suddenly appeared under the boards in fair 


abundanee. Less abundant forms such as coeeinelids 
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and adult diptera which never appeared under the 
boards in June or July illustrate the same phenome- 
non. Other forms, the snails, slugs, and histerids, 
which were cryptozoie all year, showed an autumnal 
increase in numbers probably associated with the 
breeding season and the generally more humid con- 
ditions of autumn. At the same time other eryptozoa, 
best illustrated by Parcoblatta, showed a decrease 
under the boards in the grazed part of the woods 
and an inerease in the ungrazed portion probably in- 
dicating a true migration into the denser part of 
the woods. Also at this time of the year there was 
a general decrease in the numbers of such typical 
cryptozoa as ants, carabids, centipedes, and isopods. 
Thus in late autumn and to a lesser extent in early 
spring the fauna of the eryptozoic niche varied con- 
siderably from the typical summer fauna composed 
largely of forms actually living and feeding in this 
niche. 

In addition to the autumnal turnover in the fauna, 
Figure 2 shows an almost total disappearance of the 
eryptozoa in winter and, partly due to a very dry 
October in 1942, a general October decrease in all 
of the animals in the grazed portion of the woods. 
Other than these features it is noteworthy that the 
eryptozoic fauna showed little tendeney to vary as 
a unit but that its composition at any particular time 
was the resultant of independent variations in abun- 
dance of the various species. The miscellaneous lar- 
vae, for obvious reasons, were very abundant in 
spring and reached a low level in mid-summer while 
the ants tended towards a mid-summer peak of abun- 
dance as did the isopods, large carabids, and crickets. 
The diplopods, spiders, and snails showed a fall 
maximum. The seasonal picture also varied between 
the grazed and ungrazed parts of the woods. Sta- 
phylinids in the grazed portion tended towards an 
autumn maximum while in the ungrazed region they 
showed two distinct maxima, in May and October. 
In the case of the carabids there was a tendency for 
the maximum to occur earlier in the grazed part of 
the woods. 

Little evidence for any close integration between 
the various eryptozoic species was obtained. Weese 
(1924) recognizes six “seasonal societies” (prevernal, 
vernal, aestival, serotinal, autumnal, and hibernal) in 
each stratum of the forest and considers particular 
animals as typical of each seasonal society but the 
data of the present study provide very little reason 
for grouping the eryptozoa into seasonal societies. 
Certain forms were typically found in the eryptozoic 
niche and were, therefore, often found together, but 
altered conditions might largely or entirely exclude a 
portion of the fauna while leaving the remainder es- 
sentially unchanged. In the eryptozoie niche it seems 
sufficient to recognize a typical fauna which is pres- 
ent in the active season of the year and a vernal- 
autumnal faunal aspect when many forms not ad- 
justed to life in this habitat enter the niche for pur- 
poses of breeding or hibernation. 

In only two cases were the seasonal distributions 
of different species sufficiently paraliel to suggest defi- 
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nite interrelations. The peak of abundance for large 
carabids showed some coincidence with the abundance 
of roaches and the graphs for spiders and diplopods 
show striking parallels. These cases will be discussed 
under biotie factors. 


THE DISTRIBUTION OF THE CRYPTOZOIC 
ANIMALS WITHIN AREAS 


Tt has been shown that different experimental 
areas representing slightly different habitats might 
contain faunas distinet from each other in species 
composition, seasonal aspects, and in relative abun- 
dance of various forms. Faunal variations within 
specific areas where conditions may be presumed to 
have been relatively constant may also be examined 
with respect to individual species to see to what 
extent individual animals were distributed at random 
in the available eryptozoic habitat. 

A discontinuous integral variate such as the fre- 
quency of occurrence of a species of animal in field 
plots should be expected to correspond to a Poisson 
distribution 1837, Student 1907, Sved- 
berg 1922) if the individual animals are distributed 
at random. The application of the Poisson frequeney 
distribution to cases where the number of samples 
is not very great or in cases such as would arise in 
field plot sampling of a fairly abundant species has 
sometimes been questioned (Whitaker 1914), but such 
applications have been vigorously defended by Arne 
Fisher (1922) and now seem to be generally accepted 
(Snedecor 1938, R. A. Fisher 1941). It is only 
profitable to investigate the distribution of the more 
abundant species because comparisons of observed 
and theoretical distributions are unsatisfactory for 
forms so rare that there is little probability of ever 
finding more than one individual under a particular 
board. 

The distribution of spiders under the boards regu- 
larly corresponded to a Poisson distribution indi- 
eating a random distribution of individuals. Table 
8 shows the distribution of 108 spiders encountered 
in 240 inspections of boards in Area H_ for the 
month of August, 1942. 


(Poisson 


TABLE 8. 
August, 1942. 


The distribution of spiders in Area H— 
P = 0.527. 





Number of spiders per board 





0 





| 

| 1 | 2 | 3 | More 
Observed frequencies. ..| 159 64 13 4 0 
Expected (Poisson)... .. | 157.0} 66.5 | 14.21 20 | 0:3 








The test of the observed distribution by the Chi- 
square test indicates that as great a deviation from 
the Poisson distribution could be expected about 53 
percent of the time due to chance alone so there is 
certainly no reason for assuming a non-random dis- 
tribution of the spiders under the experimental 
boards. In all experimental areas and at all seasons 
the spiders were distributed at random. 
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No other prominent species exhibited a random dis- 
tribution of individuals. The chilopod Lithobius, 
which is generally considered to be a solitary animal, 
was never common enough under the boards to per- 
mit a rigid test of the randomness of distribution but, 
as already observed, they form winter aggregations 
which certainly indicates a non-random distribution 
for at least a part of the year. 

All of the other important animals exhibited non- 
random distributions of the type termed “eonta- 
gious” by Polya (1931). The distribution of 254 
diplopods (Seytonotus) in Area H for a series of 
360 inspections made between September 12 and 


September 22, 1942 will serve as an example of a 
contagious distribution. This distribution is shown 


in Table 9 and in Figure 3. 
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Fic. 3. The contagious distribution of Scytonotus, 
Contagious distributions are characterized by a 
tendency for the animals to form aggregations so 


that the larger numbers of animals under single 
boards occurred more often than would be the ease 
if the distribution were random. 


The distribution of Scytonotus granulatus 
P — 0.0000. 


TABLE 9. 
in Area H. 





Number of Scytonotus per board 


a 


Observed frequencies} 128 \71 


34 1 |8 15 | 3 
Expected (Poisson) .| 100.5/94.5 


545 .4)14. 4} wis be 0.1 
| | 











In testing randomness of distribution there is dan- 
ger of confounding the results by lumping together 
data collected on different days or in different areas. 
For example, if data from the grazed part of the 
woods were included in the Seytonotus table, the 
form of the distribution would be radically altered 
because nearly all of these boards would show a 
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zero-frequency for diplopods. For this reason, inter- 
pretations based on such frequency distributions 
must be limited to the more common species and to 
as homogeneous samples as possible. 

In the case of Seytonotus distributions were al- 
Ways contagious and showed a tendeney to cross the 
theoretical Poisson distribution at about the level 
of the frequency class “3 diplopods per board.”’ More 
detailed investigation might reveal that when about 
3 Seytonotus are present under a board of this size 
they serve to attract other ett to the board or 
influence wandering individuals to remain once they 
find that particular board. Thus any “social in- 
stinct” on the part of the animals would lead to 
contagious distributions of the type observed. 

In the case of the isopod Trachelipus the number 
of aggregations found usually did not exeeed ex- 
pectation until groups of 7 or 8 individuals were 
attained. Table 10 illustrates this for Area TP on 
June 12, 1942. 

TABLE 10. 


Distribution of Trachelipus rathkei in 








Expected... .. 


Area TP—June 12, 1942. 
Number per board 
ee ne Se ee 
0 1|2|3|4]5]e{7|{s 
Observed.....|28 |28 |14 j11 | 8 it | 2 3 E 


5.7 17.5) 26.8}27 — 9/12. 8| 6.5| 2.8] 1.1 








Number per board 
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eee fe at Cael Teel heel Mant Bead Tees 
Observed.....13 1312101112111 0 
Expected... . Total expected over 8=0.5 








The isopods obviously tended to form larger aggre- 
gations than did the diplopods. The largest aggre- 
gation ever encountered under one board contained 
56 isopods. 

It is obvious that social insects such as the ants 
are not distributed at random but, aside from a social 
instinet, there are several other conditions which 
could cause animals to exhibit contagious frequeney 
distributions. If an animal deposits its eggs in 
clumps, the newly hatched young will oceur in groups 


and will be contagiously distributed. | Neyman 
(1939), reasoning from this type of situation, has 


developed a class of theoretical frequency distribu- 
tions which have been shown by Beall (1940) to give 
good fits when applied to certain contagiously dis- 
tributed animals. Neyman’s “type A” curve may be 
thought of as a generalized expression of the Poissor 


law with another parameter added. This type of 
distribution, however, seldom gave good fits in the 


present study where the basic assumptions were not 
realized. In highly contagious distributions such 
as those shown by the ants and isopods the fit was 
little better than that given by the Poisson distribu- 
tion. 
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Another condition leading to contagious distribu- 
tions is heterogeneity in the experimental areas. 
Unequal suitability of the boards for a particular 
species may cause the individuals to become aggre- 
gated under the boards with the more favorable habi- 
tat. This condition may be very difficult to detect 
because seemingly trivial factors might exert a great 
effect. It was found that boards over soil with a 
moisture content of less than 10 percent were defi- 
nitely deficient in isopods so, at least at certain 
times, this factor would tend to produce a contagious 
distribution of isopods. The data on soil moisture are 
not sufficient for a detailed quantitative analysis of 
the effects of moisture on isopod distribution but 
part of the contagiousness of the observed distribu- 
tions probably results from this factor. 

Although soil moisture, and perhaps additional un- 
detected factors, may lead to contagious distribu- 
tions under the conditions of this study, it seems 
probable that a considerable part of the aggregating 
tendency observed is attributable to a mutual attrae- 
tion between members of the same species. When 
mating is in progress paired animals are certain to 
oceur more often than would be expected on an 
assumption of randomness. This is illustrated in 
Table 11 which shows the distribution of 60 small 
earabids in 500 inspections made during September, 
1942. 

Three of the seven observed pairs of small cara- 
bids were copulating when found and it is obvious 
that the frequeney of pairs causes this distribution 
to depart from randomness. 

In addition to mating, there are other advantages 
of associations between members of a species which 
could be operated upon by natural selection (Allee 
1931, 1938) to accentuate aggregating tendencies. 
In the winter aggregations of centipedes, for ex- 
ample, no survival value is obvious but these aggre- 
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TABLE 11. The distribution of small carabid beetles— 
September, 1942. 





Number per board 


| 1 Z More 
Observed.......... 447 | 46 7 0 
Expected... ... 443.4 | 53.2 | 3.2 0.2 
| 








gations are probably formed as a result of tendencies 
inherent within the individuals. 

Whatever the cause of contagious distributions 
their occurrence considerably complicates statistical 
analysis of the data. Mean numbers of animals in 
different areas or time intervals cannot be compared 
by the usual methods employing standard errors be- 
cause these methods assume random distribution of 
the populations. Also, the correlation coefficient can- 
not be used to measure association between species 
when the populations are not normally distributed. 
Consequently, it has been necessary to use presence 
or absence in samples as a criterion in making such 
comparisons. 

The fact that nearly all of these species are con- 
tagiously distributed also makes it extremely hazard- 
ous to use sample collections in estimating any larger 
population. Even in a mildly contagious distribution 
this factor may be of considerable importance. For 
example, in an area of 20 boards such as Area H, 
5 boards might be selected at random and the total 
population estimated by mutiplying the observed 
number of animals by four. The results which could 
be obtained in this way ean be ealeulated. As an 
example the distribution of 39 isopods in Area H on 
May 3, 1942 is shown in Table 12. 

There are 15,504 different ways of drawing a 
sample of 5 boards from the 20 in this area and, by 
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using such a sample to estimate the total isopod 
population of the 20 boards, 29 different estimates 
ranging from no isopods to 112 isopods could be ob- 
tained. The most frequent estimate of the total pop- 
ulation would be 28 isopods and this value would be 
obtained 8.79 percent of the time. The distribution 
of the 15,504 possible samples is shown in Figure 4, 
and it illustrates that such a method of population 
estimation may lead to very great errors even when 
the distribution is not highly contagious. It is prob- 
ably a general characteristic of contagious distribu- 
tions that the population will tend to be underesti- 
mated from the mean of sample collections. This is 
to be expected beeause a disproportionately large 
percentage of the fauna is concentrated into a few 
units which are unlikely to be ineluded in samples. 

Because the observed contagiousness of these dis- 
tributions seemed to result largely from a soeial in- 
stinct or attraction between individuals, it is very 
desirable to find some mathematical expression for 
the tendeney to aggregate shown by a species at a 
particular time. This tendeney is not eonstant but 
varies from day to day or even from hour to hour 
and also between experimental areas. 

In a Poisson distribution the varianee (g*) is 
equal to the mean (m) and the deviation of a fre- 
queney distribution from the Poisson distribution 
may, therefore, be expressed by the ratio: == or 


- —l. This expression will have the value 
O in a true Posson distribution, will be positive when 
aggregation occurs, and negative when the animals 
are more evenly distributed (overdispersed) than 
would occur in the Poisson ease. This expression is 
closely related to a number of others which have 
been employed such as the Lexis ratio (Arne Fisher 
1922, Beall 1935), the second parameter in Neyman’s 
“type A” contagious distribution (Nevman 1939), 
and the expression used by Svedberg (1922) and 
discussed by Gause (1936). 

Attempts to use the above expression as a measure 
of aggregating tendeney indicated that its value was 
greatly affected by the number of animals present, 
an effect also deseribed by Arne Fisher (1922) and 
by Beall (1935). Sinee the formula for the variance 
of a distribution may be written as: o?= animes 
where x is the size of any sample and n is the 


number of samples, the expression: = —1 will 


2x? ; - cehe a 
reduce to — a —1 in which form it is obvious 


that the ratio will tend to increase as the size of the 
samples increases. The Charlier coefficient of dis- 
turbance which may be written: C = vm is 
m 
independent of the number of animals and in the 
present study, as also found by Beall (1935), proved 
to be a much more satisfactory index of aggregating 
tendency. Positive values of C indicate aggregation 


while C becomes imaginary with overdispersion. 
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Imaginary values would be inconvenient for investi- 
gating animals if individuals showed actual antago- 
nism toward each other but in this study all species 
were typically either underdispersed or randomly 
distributed so the occasional imaginary values of C 
were merely taken to indicate zero tendeney to aggre- 
gate. 

in Area H— 


TaBLE 12. Distribution of isopods 


May 3, 1942. 





Number per board 
Observed frequency 





A number of attempts were made to correlate 
values of C with physical or elimatie conditions. Be- 
cause many species tend to form autumn and winter 
aggregations one might expect to find values of C 
considerably influenced by low temperatures. Mois- 
ture conditions, in the laboratory at least, also in- 
fluence the formation of aggregations by certain 
forms such as isopods. 

For the period from September 16, 1942 to Sep- 
tember 22, 1942 the boards in Area H were inspected 
every six hours. During this period there was an 
interval of hard rain and rapid temperature fall. 
These data then seem well suited for comparing 
variations in aggregating tendency and weather con- 
ditions. In Figure 5 the Charlier coefficient for 
isopods is plotted along with the air temperature 
taken some 30 em. above the soil surface. This tem- 
perature was not necessarily the same as the micro- 
habitat temperature to which the animals were re- 
sponding and the significant parallelism between the 
two lines is, therefore, all the more striking. 

Another way of looking at aggregating tendency 
is to consider how the quantity =x* varies with the 
amount of aggregation. If aggregation is complete 
so that all of the animals are under a single board 
we will have: yx?=(sx)? while if the animals are 
distributed as evenly as possible so that there 
is zero aggregation we shall have approximately: 
=x?=nm?=mzrx. Therefore, the inerement repre- 
senting amount of aggregation for any observed 
value of 5x? is approximately yx?—mzx and the 
maximum possible amount of aggregation is repre- 
sented approximately by (2x)?—mzx. Expressed as 
a proportion, the observed degree of aggregation is 
then the ratio of the observed amount to the possible 


x? —m=x ( n =x? 1 whit 


¢ t ; a ae nn a a ee 
en (=x)? —m=x n—1/ (2x)? (n—1) 


is nearly equal to 


2x’ 
(2x)? 

At the time these data were being collected the 
writer made the then purely empirical observation 


that the quantity seemed to give a better repre- 


zx" 
sentation of aggregating tendency as evidenced by 
significant correlations with air temperature than did 
the Charlier coefficient. This quantity was not used 
analytically because of its purely empirical nature 
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Fig. 5. 
and the lack of a rationale for ignoring the amount 
of aggregation which would be expected to result 
from chance. It now appears, however, that some in- 
vestigation might profitably be devoted to answering 
the question of whether it is the absolute degree of 
aggregation or the degree of excess aggregation which 
tends to vary with environmental factors. 

The correlation coefficient between C and tempera- 
ture was not significant, apparently because the 
downward trend in temperature was not accompanied 
by a general downward trend in the tendency of the 
isopods to aggregate, but the parallelism between the 
two lines may be tested for statistical significance by 
eomparing the number of times the two lines rise 
or fall simultaneously. These data give the 4-fold 
table shown in Table 13. 

TABLE 13. Significance test of the parallelism between 


air temperature and C—the contagiousness of the dis- 
tribution of isopods. P — 0.00007. 





Increase in C | Decrease in C 





10 
1 


1 
13 


Temperatures increase 
Temperature decrease 








AM 


SE 


~—_ 


a 
AM 


10 4 10 


PM 











PT. 19 SEPT. 21 








Relation of isopod aggregating tendency to temperature. 


If C were independent of temperature we should 
expect to find the two increasing together only about 
4.8 times instead of the 10 times observed. The 
probability value as calculated by Fisher’s “exact 
method” (R. A. Fisher 1941) shows that a parallel- 
ism as great as that observed should occur by chance 
only about 7 times in 100,000 observations. Thus 
it appears that increases in temperature did increase 
the tendency of isopods to form aggregations in the 
cryptozoie niche. 

This effect of temperature on aggregation ten- 
dency must be independent of any effect on the total 
number of isopods present because C is independent 
of this factor. Increases in aggregation then were 
almost necessarily brought about by isopods leaving 
slightly occupied boards and moving under boards 
where more isopods were present. There are evi- 
dently two ways in which weather conditions might 
effect this change. Either some inherent social tend- 
ency within the isopods must have been altered, or, 
as temperature changed, some boards must have be- 
come less favorable as habitats so that isopods left 
them. In this ease there was no evidence of hetero- 
geneity in Area H as evidenced by certain boards 
heing ecnsistently more occupied than others. Fur- 
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thermore, in the entire study, whenever hetero- 
geneity was demonstrable in any experimental area, 
it tended to disappear when the soil became wet. 
Figure 5 shows a closer parallel between temperature 
and isopod aggregation in the period following the 
rain (the rain stopped at noon September 20) when 
the area should show less heterogeneity than in the 
earlier days. Thus the evidence favors the econelu- 
sion that some social tendeney inherent within the 
isopods was increased by rising temperature. This 
is certainly not the only factor affecting the isopod 
aggregations or a much closer correlation should have 
been obtained but the temperature effect was highly 
significant. 

This complicated behavior of the isopods, leav- 
ing shelter and moving to boards harboring larger 
numbers of isopods, as well as the vertical migra- 
tion from unfavorable conditions, suggests that the 
complexity of aggregation phenomena has_ been 
underestimated in attempts to reduce these pheno- 
mena ot mechanical responses such as altered rates 
of turning (Waloff 1941). 

Any relationship between weather and aggregating 
tendency in other species was much less clear than 
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the diplopod Seytonotus is plotted for the same 
period shown in Figure 5. A comparison with the 
isopod graph makes it clear that the factors affecting 
the aggregating tendency of diplopods differed from 
those affecting the isopods. It is interesting to note 
the common tendeney of the diplopods under the 
boards to be unaggregated (imaginary values of C) 
at the time of the 4 A.M. inspection which parallels 
the observation that Seytonotus may come out at 
night to aggregate on top of the boards or to wander 
in the grass. The early morning frost on September 
20 may have been responsible for keeping the diplo- 
pods aggregated under the boards and at other times 
low atmospherie humidity might operate in this way. 
We do not at present, however, have sufficient data 
to correlate the aggregating tendency of Seytonotus 
with external conditions. 

No species except Trachelipus and 
were common enough in this series of data to permit 
a satisfactory analysis of aggregating tendency. The 
Charlier coefficient becomes erratic when the mean 
number of animals per sample is very small and it 
would also be impossible to detect heterogeneity 
within the area from such limited data. Larger 
samples would be necessary to obtain satisfactory 


Seytonotus 


for isopods. 


In Figure 6 the Charlier coefficient for 


results with most of the other species. 
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BIOTIC FACTORS IN THE CRYPTOZOIC 
HABITAT 


It has been pointed out that the vast majority of 
the eryptozoiec animals feed upon general organic 
matter or are predators upon these omnivores. 
Thus relationships between living plants and the 
eryptozoa are indirect and of secondary importance. 
A eryptozoie fauna containing many of the essen- 
tial features of the one here considered can thrive 
in the sandy soils of arid Turkestan or in the cen- 
tral desert of Iceland. Although Bornebuseh (1930) 
found some differences between the soil and litter 
faunas in different types of forests, the essentially 
cosmopolitan nature of the eryptozoie fauna indi- 
eates that its members have no essential interrela- 
tions with particular species of plants. It is, of 
course, necessary to reserve judgment concerning the 
interrelations between the eryptozoa and microscopic 
plants, species of bacteria and fungi which may also 
be cosmopolitan in distribution. 

Intraspecific relationships within the eryptozoic 
fauna have already been considered to some extent. 
Such relationships may take the form of antagonism 
between individuals, for example, cannibalism, or of 
mutual attraction between individuals ranging from 
association between copulating individuals to highly 
integrated social colonies as represented by the ants. 
The spiders were the only forms exhibiting no intra- 
specific attraction and here, too, if all individuals 
had been determined to species, it is likely that some 
relationships between individuals would have been 
evident. Centipedes, although definitely cannibals, 
form hibernating aggregations in winter and all of 
the other animals encountered exhibited to some ex- 
tent a tendeney to form aggregations. In every 
ease there is probably some survival value connected 
with the possession of social or infrasocial tenden- 
cies but such values are not always easily detected 
empirically or experimentally (Allee 1931, 1938). 

Interspecific relationships may take a number of 
types and, in the eryptozoie fauna which presents so 
many similar features in widely separated parts of 
the earth, one might expect to find many examples 
of close interrelations between various animal groups. 
When the same families and often the same genera 
and species are characteristically associated in the 
same habitat it would seem likely that a considerable 
degree of mutual adjustment and integration be- 
tween forms might be present. 

A critical search for examples of integration 
among the eryptozoa reveals surprisingly few inter- 
relationships which may be considered as essential al- 
though local interdependencies between forms have 
been observed. Certain indirect relationships appear 
to be of some importance. Vertical migration of 
isopods to escape cold and drought usually takes 
plaee through holes dug by earthworms although 
heles left by plant roots or made by other burrowing 
animals are also used. It seems certain that in the 
absence of earthworms the isopod population would 
have been reduced due to the lack of avenues of es- 
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cape from lethal conditions. However, in the Brod- 
skys’ work on the soil fauna in Turkestan, earth- 
worms were entirely absent but isopods were still 
an important part of the fauna. In this ease the 
earabids which also tend to follow earthworm bur- 
rows were found to follow holes made by eureulionid 
larvae. Dammerman’s studies include a number of 
islands totally without coleoptera but otherwise with 
typieal eryptozoic faunas. A study of interrelation- 
ships between species in the present study then may 
help to clarify the position of this type of fauna 
with respeet to ordinary concepts of ecological asso- 
ciations. 

Forbes (1907, 1915, see Shelford 1915) was one of 
the early workers to attempt a quantitative study of 
the degree of association between species. He states 
(1915): 

“To recognize, analyze, and loeate an association 
with precision, use is made of the obvious fact that 
a biological association is composed of species which 
are more frequently associated with each other than 
they are with other species, and hence that fre- 
queney of joint occurrence of species in collections 
is a clue to their associate relationship. A certain 
chanee frequency of joint oceurrence will, however, 
result from an indiscriminate distribution of two 
species over the same area, although there may be 
no similarity of ecological relationship to bring them 
together; and this element of chance frequeney must 
he eliminated before their frequeney of ecological 
association ean be distinguished.” 

The data relative to samples containing two species 
to be tested for association may be arranged in the 
form of a 4-fold contingeney table as shown in 


Table 14. 


TABLE 14. Arrangement of the 4-fold table for test- 
ing association between species. 








Number of | Number of 
Number of collections | collections 
collections containing lacking 
species B species B 
Number of collections 
containing species A... a b 
Number of collections 
lacking species A...... c d 
Total number of 
collections........... ae os n 














Forbes’ “coefficient of ecological association” then 
na 
(a+b)(a+e) ° 
will have value of unity when the distribution of the 
species is random with respect to each other, will be 
greater than one when the species are positively 
associated, and less than one when they are nega- 
tively associated. Forbes’ coefficient has the great 


may be expressed as: This coefficient 


disadvantage of being independent of the number 
of collections made so that there is no way of telling 
from its value when it is to be considered as statisti- 
eally significant. 


This objection applies also to the 
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coefficients of Michael (1920) and Hacker (Calvert 
1922). 

The significance of the association between two 
species can be determined by calculating Chi-square 
(X2) from the 4-fold table. With the table arranged 

fad—be)? sn . 
(a+b) fe+d) (at+eb+d) ° When 
the values in the table are small, significance may be 
more accurately calculated by Fisher’s “exact meth- 
od” (R. A. Fisher, 1941). 

From such a table it is possible to compute a num- 
ber of coefficients of association which avoid the 
difficulties inherent in Forbes’ coefficient (Yule and 
Kendall 1940, Pearson 1914) but the use of any such 
coefficient may be objectionable when it is known 
that the animals are not randomly distributed. Anal- 
ysis has, therefore, been limited to testing the 4- 
fold tables for significant association between species 
without attempting to assign any value to the magni- 
tude of such association. 





as above: X?2 = 


TABLE 15. Association between Deroceras and Trache- 
lipus in the ungrazed locality—June and July, 1942. 
P = 0.0306. 





Number of stations with: 








Total 
Trache- | Dero- stations 
lipus ceras Both | Neither 
only only 
Observed. ..| 365 3 38 100 506 
Calculated. .| 370.35 | 8.35 32.65 94.65 | 506.00 











For the 16 groups of animals which were found 
in some numbers, 120 different pairs could be selected 
and tested for association. Most of these calculations 
would, however, be meaningless. It is obvious that 
there is no essential relationship between, for ex- 
ample, the roach Pareoblatta and the snail Retinella 
since one occurs almost exclusively in the ungrazed 
portion of the woods and the other almost entirely in 
the grazed locality. Similarly, adult “small earabids” 
showed an entirely different seasonal distribution 
from the slug Deroceras, reaching their peak of abun- 
dance at a time when slugs were very rare in the 
eryptozoie niche. It is certain that no mutual ad- 
justment existed between these forms as would occur 
if the earabids depended upon the slugs for a food 
supply. Accordingly, tests for association have been 
limited to eases where some mutual adjustment might 
reasonably be expected. Such adjustments might be 
of either of the following types: 

1. Two forms might be positively or negatively 
associated through responses to environmental fac- 
tors. If, for example, both species tended to select 
boards where much moisture was present a positive 
association would be found while differences in re- 
action to moisture could result in negative associa- 
tion. 

2. One species might be dependent upon another 
for a food supply or for in some way conditioning 
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the habitat. For example, isopods might be asso- 
ciated with burrowing forms simply because bur- 
rows provide avenues for vertical migration. In the 
case of a predator-prey relationship it is not clear 
whether one should expect to find a positive or a 
negative association between the species. A predator 
would tend to be attracted to boards harboring the 
prey species but the activities of the predator would 
tend to lead to an absence of the prey species. In 
any case it should be of interest to examine associa- 
tions between predators and possible prey. Buckle 
(1923), using Forbes’ coefficient, found a_ positive 
association between the carabid Pterosticus and ela- 
terid Jarvae on which Pterosticus is known to be pre- 
dacious. 

The occasionally significantly positive association 
between the slug Deroceras and the isopod Trache- 
lipus may be used as an example of an association 
apparently due entirely to physical conditions. If 
the joint occurrence of these two forms is examined 
for the ungrazed part of the woods in June and 
July, 1942 the results shown in Table 15 are ob- 
tained. 

The test of this distribution by means of Chi- 
square shows that such a chance positive association 
between the species would be expected only about 
31 times in 1,000 trials, a result meeting usual eon- 
ventional eriteria of statistica! significance. How- 
ever, the joint oceurrence data for these species in 
September of the same vear (1942) vielded an en- 
tirely different result which is shown in Table 16. 

















TABLE 16. Association between Deroceras and Trache- 
lipus in the wungrazed _ locality—September, 1942 
P = 0.9680. 

| 
Number of stations with: 
\- —| Total 
| Trache- | Dero- | | stations 
lipus | ceras | Both | Neither 
only | only | 
Observed...| 227 | 47 is9 | 57 «| :520 
7.20 | 188.80 | 56.80 | 520.00 


Calculated. .| 227.20 | 





Table 16 suggests that the association between the 
two species is entirely a matter of chance. The dif- 
ference between the two tables probably reflects mois- 
ture conditions. In hot, dry weather of mid-summer, 
significant associations were frequently found be- 
tween forms sensitive to dryness such as Trachelipus, 
Retinella, Deroceras, and Seytonotus while in wet 
weather these forms were always distributed at 
random with respect to each other. This simply 
reveals heterogeneity among the boards. In dry 
weather the soil under some boards remained more 
moist than that under others and these species tended 
to remain in the more humid conditions. 

A similar confounding of results may be obtained 
by lumping together various experimental areas 
when testing association. By combining data from 
areas in the grazed portion of the woods with data 
from those of the ungrazed locality one could usually 
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demonstrate positive associations between forms such 
as the isopods, slugs, and snails. A good example is 
furnished by the association between isopods and 
snails in the results of 465 inspections made in 
August and September, 1943 and shown in Table 17. 





























TABLE 17. Association between Retinella and Trache- 
lipus. 
Total P= 0.0000 | Grazed P = 0.0001 |Ungrazed P = 0.2053 
Ob- | Calcu- Ob- Caleu- Ob- Caleu- 
served | lated served lated served lated 
Trachelipus 
only. ..... 221 236.65 145 153.45 76 79.46 
Retinella 
only....... 13 28.65 1 9.45 12 15.46 
Pe bee a 59 43.35 20 11.55 39 35.54 
Neither....... | 172 156.35 134 125.55 38 34.54 
Table 17 shows a significant positive association 
between isopods and snails for the data as a whole 


and for the grazed portion of the woods but in the 
ungrazed portion an association as frequent as that 
observed would be expected about 21 percent of the 
time due to chance alone. Undoubtedly both isopods 
and snails occurred most under the boards where 
the soil was most humid. In the grazed loeality cer- 
tain boards were selected by both species leading to 
a positive association while in the ungrazed locality 
most (or all) of the boards provided suitable con- 
ditions and the species showed no special tendeney to 
be found together. 

A similar situation arose when boards of different 
sizes were considered together. Table 18 shows the 
association between Trachelipus and the roach Par- 
eoblatta in Areas A and B for September, 1942. 


TABLE 18. Association between Trachelipus and Par- 
coblatta in Areas A and B. 























Total Large boards Small boards 
P = 0.0216 P = 0.0001 = 0.2020 
——— 
Ob- | Calcu- Ob- Caleu- Ob- Caleu- 
served lated served lated served lated 
Trachelipus | 
“See 130 | 142.41 14 24.23 116 110.6 
Parcoblatta | 
Maes 86 98.41 26 36.23 60 54.6 
Bick oan <6 115 102.59 74 63.77 41 46.4 
Neither....... 149 136.59 24 13.77 125 130.4 








The two species were significantly associated if the 
data are considered as a whole but this association 
is seen to be due entirely to the facet that both species 
occurred most frequently under the large boards. 
Under the small boards the species were actually 
found together less often than predicted although 
this difference is not significant. 

These examples show that great caution must be 
exercised in postulating essential relationships be- 
tween species on the basis of evidence that they occur 
together more often than would be expected due to 
chance alone. Such associations ean often, as in the 





Ecological Monographs 

Vol. 16, No. 1 
above examples, be shown to result entirely from 
similar reactions to some environmental factor. The 
apparent association between isopods and roaches 
shown above is obviously spurious as a biotie rela- 
tionship beeause roaches were absent from the niches 
where isopods were most abundant and isopods were 
relatively rare in the areas dominated by the roaches. 
Thus environmental heterogeneity in the area sam- 
pled for joint oeceurrenee may lead to apparent asso- 
ciations between species which are actually inde- 
pendent of each other. In certain cases we may 
identify the faetor to which both species were re- 
sponding but there is always the possibility that the 
species were responding alike to some condition 
which was undetected. Joint oceurrence studies 
may provide significant evidence in support of direct 
evidence of biotie interrelationships but taken by 
themselves they may lead to entirely false conelu- 
sions regarding animal associations. 








TABLE 19. Association between Parcoblatta and 
‘‘large earabids’’—August and September, 1942. 
P = 0.0300 
Number of stations with: 
reas oa 
Parcoblatta Large stations 
only carabids Both Neither 
only 
Observed... ... 101 32 20 312 465 
Calculated. .... 107.47 | 38.47 13.53 13.53 465.00 
| 











It was stated earlier that the large ecarabids feed 
to some extent on immature roaches, that these eara- 
bids and the roaches reached peaks of abundance 
at about the same time, and that both tended to be 
associated more with the grazed than with the un- 
grazed portion of the woods. This then is a case 
where we might logically expect to find association 
between two species. Table 19 shows the associa- 
tion between Parcoblatta and the large earabids for 
the 465 inspections made in August and September, 
1943. 

These data show a slight but significant associa- 
tion between the two forms, a result possibly attribut- 
able to the fact that neither was common in the un- 
grazed part of the woods. To test this possibility, 
the data from Area B only have been considered for 
10 days selected at various times when both species 
were present. (1942: April 22, May 3 and 31, June 
7, 12, and 28, July 4, 12, 23, and 30, and August 13.) 
These data yield Table 20. 

TaBLeE 20. Association of Parcoblatta and ‘‘large 
carabids’’ in Area B for days when both species were 








present. P = 0.6274. 
Number of stations with: 
oo ee 4 Total 

Parco- Large stations 

blatta carabids Both Neither 

only only 
Observed........... 117 28 22 173 340 
Calculated......... 118.56 29.56 20.44 171.44 340.00 
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An association between large carabids and roaches 
as great as that shown in Table 20 would be ex- 
pected due to chance about 63 percent of the time 
so it seems that our evidence fails to support a 
characteristic predator-prey relationship between 
these two forms. 


TABLE 21. Association of Scytonotus and spiders— 
April and May, 1942. P = 0.0051. 





Number of stations with: | 














. Total 
Spiders Seytonotus stations 
only only Both Neither 
Observed.......] 6 93 | 9 255 | 363 
Caleulated..... 10.78 97.78 | 4.22 | 250.22 | 363.00 
| 





The relationship between spiders and the diplopod 
Seytonotus differed somewhat from the roach-eara- 
bid relationship. Although we lack direct evidence 
that spiders feed on Seytonotus the seasonal (Fig. 2) 
and local distributions of the two exhibited consider- 
able coincidence and for certain periods, particularly 
in the spring, these forms did exhibit significant 
positive association. This is illustrated in Table 
21 for Area TP employing data of April 12 and 
22 and May 3, 1942. 

Later in the season when the spiders were more 
abundant they usually were not significantly asso- 
ciated with Seytonotus as shown in Table 22 which 
represents the data from Areas H and N for Sep- 
tember, 1943. 


TABLE 22. 
September, 1942. 


Association of Scytonotus and spiders— 
P = 0.0892. 





Number of stations with: | 
| 
| 
| 











i l | Total 
Spiders Seytonotus | ' stations 
only | only Both Neither 
Observed. ..... 19 | 41 | 28 : es | 145 
Caleulated.....| 23.46 45.46 | 18.54 | 57.54 | 145.00 








Probably the association between spiders and Sey- 
tonotus, wherever it existed, resulted from similar 
responses to environmental conditions. It is pos- 
sible, however, that certain spiders do typically feed 
on these diplopods and that this association has been 
obseured by combining data on these forms with data 
on other spiders. 


PHYSICAL FACTORS 


Evidence already presented indicates that ani- 
mals in the eryptozoie niche are influenced by weather 
conditions and by physieal factors such as soil mois- 
ture. Certain forms such as snails and isopods were 
shown to be associated with each other at times 


when the eryptozoie habitat was generally dry but 
not under humid conditions and the tendeney of 
isopods to form aggregations was shown to be in- 
The mere fact 


fluenced by temperature changes. 
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that each species shows seasonal fluctuations in abun- 
dance suggests that weather must exert an impor- 
tant influence. On a shorter time seale, considerable 
daily variations occurred in the numbers of indi- 
viduals of each species found under the boards. 
That these variations were not purely random is 
shown by the fact that the numbers of animals in 
different experimental areas often fluctuated simul- 
taneously. In Figure 7 the variations in numbers 
of isopods with time are plotted for Areas X and 
H for the same September, 1942 period discussed 
in connection with aggregating tendency. By com- 
paring this graph for Area H with Figure 5 it may 
be noted that aggregating tendeney did not corre- 
late with the numbers of animals present and also 
that a considerable parallelism existed between the 
numbers of isopods present in Areas H and X during 
this period. The probability that this parallelism 
was due to chance may be tested as before in a 4- 
fold contingeney table (Table 23). 


TABLE 23. Significance test of the tendency for the 
isopod counts to vary simultaneously in Areas H and 
X. P=0.0244. 








Increase in Decrease !n 
jnumber of isopods|number of isopods 
é ‘ : “ 
} in Area X in Area X 
| 
ee, eee ee oe oe 
Increase in number of | | 
. . | _— 
isopods in Area H. . | 7 2 
Decrease in number of | 
isopods in Area H. . || 1 7 





The test of Table 23 by means of Fisher’s exact 
method shows that such a result due to chance would 
be expected only about 24 times out of 1,000. We 
may, therefore, conclude that some external factors 
were causing the isopods to enter or leave the eryp- 
tozoie niche. It may be noted that time of day and 
(by comparison with Figure 5) air temperature do 
not seem to have been important in this connection. 
The factors which were actually important in this 
ease have not been identified. 

It will be necessary to measure microclimatie fae- 
tors actually within the eryptozoie niche to a much 
greater extent than was done in this study before 
it will be generally possible to recognize associa- 
tions between fluctuations in the eryptozoie fauna and 
particular ecological factors. In a few eases it has 
been possible confidently to identify the physical fae- 
tors which were affecting the fauna. Differences 
associated with contrasting experimental areas and 
seasons of the year have already been discussed but 
some of the differences between boards within single 
areas also led to faunal differences. 

In Area X five of the boards were painted white, 
five were painted black, and five retained their 
natural wood color. On sunny days the temperature 
under the white boards was below that under the 
other boards and in dry weather certain faunal 
differences were ascribable to the surface colors of 
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Fic. 7. Numbers of isopods in 


the boards. Isopods, slugs, snails, and diplopods 
showed a tendency to be found least under the black 
boards and most under the white boards while the 
largest ant colonies seemed to occur under the black 
boards. Owing to the small number of boards in- 
volved, none of these differences was even statistically 
significant except in the ease of the snail Retinella. 
In hot dry weather the snails tended to be found 
only under the white boards as shown for July 19, 
1942 in Table 24. 


TABLE 24. Distribution of Retinella in Area X with 
respect to the colors of the boards. P — 0.0073. 





Retinella absent 


Retinella present 
| 1 








White boards. ... .| 4 


Not white....... } 0 10 





This association of the snails with the white boards 
was typical of the dry summer weather and was 
twice checked by changing the arrangement of the 
boards within the area. In each case the snails were 








PM 

















SEPT. 19 SEPT. 20 SEPT. 21 Ss. 22 


Areas X and H.—September, 1942. 


still associated with the white boards. This differ- 
ence, however, disappeared entirely following rains 
or when the boards were watered with a sprinkling 
can even though the temperature differential re- 
mained. <A temperature difference between boards, 
at least within the limits encountered in this study, 
seems not to affect the fauna directly but to exert an 
influence through more rapid drying of the soil 
under the warmer boards. 

Further evidence for the importance of soil mois- 
ture in hot weather was obtained through daily water- 
ing of every second board in Area H for the week 
of July 19 to July 26, 1942. On July 26 it was 
found that the isopods and spiders tended to be con- 
centrated under boards which had been watered. 
These results are shown in Table 25. 

The effect of the watering on the spiders, while 
suggestive, was not statistically significant but the 
isopods were definitely associated with the more 
moist soil. Three attempts to repeat this experi- 
ment were ruined by the intervention of natural 
rain. 
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TABLE 25. 
of isopods and spiders. 
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TABLE 27. Association of isopod presence with abso- 
lute levels of soil moisture. 





| | | 
Dry 


Watered 

boards | __ boards P 
Isopods present. . . 9 3 
Isopods absent. . . 1 7 0.0198 
Spiders present. . . 4 0 
Spiders absent... . 6 10 0.0867 








On August 1, August 21, and September 26, 1943 
a total of 311 soil samples was collected for analvsis 
of soil moisture content and comparison with the 
faunal distribution. Of the samples, 166 showed a 
moisture content of over 10 percent of the 40° C. 
dry weight with a maximum of 29.3 percent while 
the other 145 samples showed less than 10 percent 
moisture with the minimum value being 3.3 percent. 
Table 26 shows how various groups of animals were 
distributed with respect to this arbitrarily chosen 
level of soil moisture. 


TABLE 26. Distribution of the animals with respect 
to soil moisture. 




















a of boards occupied | Probability 
= = = __| (from X2) 
ta * that result 
Over 10% H2O | Under 10% H20 | _ is due to 
Animal form aa < a Sete dee — 
Prop. | % Prop. | % 
Parcoblatta (grazed woods) | 
he re 27/82 | 32.93 | 40/87 | 45.98 0.1198 
Parcoblatta (total)........| 33/166 | 19.88 | 41/145 | 28.28 0.0872 
Trachelipus. .. . . ........ {125/166 | 75.30 | 67/145 | 46.21 | 0.0000* 
Retinella...... vase ae «0 ae 19.27 6/145 | 4.14 0.0001* 
Scytonotus nae ..| 49/166 | 29.52 | 30/145 | 20.69 0.0759 
Gryllus. . . ...| 35/166 | 21.08 | 53/145 | 36.55 | 0.0024" 
Gryllus (grazed evade) | 
only... er : 25/82 | 30.49 | 51/87 | 58.62 0.0025* 
Histerids (Aeletes)...... 24/166 14.46 9/145 6.21 0.0181" 
Collembola (5 or more | | 
clinging to board)......| 47/151 | 31.13 | 38/144 | 26.21 0.3682 
Staphylinids..............] 28/166 | 13.86 | 13 145 | 8.97 0.1772 
Spiders - ; ...| 46/166 | 27.71 | 30/145 | 20.69 0.1574 
Carabids ; 21/166 12.65 | 15/145 | 10.34 0.5222 
oo, See 17/166 | 10.24 | 8/145 | 5.52 0.1322 
Deroceras................| 25/166 | 15.06 | 9/145 | 6.21 0.0132* 
| | 
Table 26 reveals some interesting points. Par- 
eoblatta and Gryllus were the only forms which 


seemed to select the drier boards and this was sig- 
nificant only in the ease of Gryllus. The forms 
(with the exception of the collembola) which seemed 
not to discriminate at all between wet and dry 
boards were all predators—staphylinids, spiders, 
earabids, and Lithobius. This correlates with the 
suggestion made earlier that predators tend to range 
between the eryptozoic and other habitats and not 
to be restricted by the same conditions which affect 
the other eryptozoa. It was very surprising to find 
the collembola independent of soil moisture and this 
result must be attributed to the inadequacies of the 
sampling method for these forms. 


Morsture RanGes 





+ hes reent 
0.0001 | 








| 
10-15 percent | 15-20 percent 
P = 0.4010 
= 7 tae 3 may eae 
| Pro- |  Per- Pro- Per- | Pro- |  Per- 
| portion | cent portion cent | portion cent 
Boards 
occupied by 
Trachelipus. . | | 58/122 | 47.54 50/64 78.12 51/71 71.83 
| | 





All of the other forms were more abundant under 
the boards where the soil was moist although results 
were significant only for the snails, slugs, isopods, 
and histerids. The marked association with moist 
soil in the case of the isopods has led to an attempt 
(Table 27) to determine quantitatively how dry a 
soil would be avoided by Trachelipus. Three ranges 
of moisture content have been selected for this eom- 
parison. 

The boards with 10 to 15 percent soil moisture were 
definitely selected by isopods over the drier boards 
while a further increase in moisture seemed to pro- 
duce no further effect. This discovery reflects back 
on the earlier discussion of the contagious distribu- 
tion of isopods. In analyzing aggregating tendency 
we should omit from consideration any boards over 
soil with a moisture content of less than 10 percent. 
Probably no such dry soil oceurred under boards in 
the September period for which aggregating tend- 
eney was analyzed (Fig. 5) but in dry weather soil 
moisture data would be essential for a critical anal- 
ysis of this type. 

Tsopods not only tended to avoid the drier boards 
but there was also a tendeney for them to form larger 


aggregations as the soil became more moist. In 
Figure 8 the mean number of isopods per occupied 


board has been plotted against soil moisture along 
with a trend line obtained by the method of averages 
(Lipka 1918). These data exhibit great variability 
due probably to the small number of determinations 
but they suggest that soil moisture may be another 
factor influencing the size of Trachelipus aggrega- 
tions. 

Areas A and B contained some boards which were 
twice the size of the standard boards and these large 
boards were especially rich in certain species of ani- 
mals. This factor of board size may best be analyzed 
for Area B where every fifth board was of double 
size because here there was no possibility that the 
large boards might have been especially favorably 
located. 

If animals found the boards by wandering about 
at random and stopping when they happened to en- 
counter a board, larger boards would be expected to 
acquire more animals as a result of their greater 
periphery. The chance of an animal finding a board 
by random movements will tend to be proportional 
to the periphery of the board (Jackson 1939) which 
for each large board was 121 em. and for each small 
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Fig. 8. 


board was 93 em. The eight large boards in Arez 
B thus had a total periphery of 968 em. while the 
32 small boards had a total periphery of 2976 em. 
Thus, to compare large and small boards correcting 
for the effect of periphery, counts from the large 
boards have been multiplied by a factor of: 


Taking the results from 10 days of observation in 
the summer of 1942 and correcting the data from 
the large boards to compensate for periphery we ob- 
tain Table 28. In this P is determined from the 
binomial test described by Cole (1945) and gives 
the probability, if the large and small boards were 
equally likely to be occupied, that boards of either 
size would lead as often as (or oftener than) ob- 
served. 

From Table 28 it appears that some special charac- 
teristic of the large boards repelled the ants and 
large carabids and attracted the roaches. Although 
the relative advantage of the large boards was great- 
ly reduced in wet weather, soil moisture does not 
seem to be the factor which influenced the roaches 
because’ they were at all times significantly associated 
with large boards. We have no evidence by which we 
ean identify the factor in operation here. 


Relation of the mean number of Trachelipus per occupied board to soil moisture. 


With respect to soil moisture the large boards pro- 
vided a more constant environment than the small 
boards. In Table 29 the soil under the 
18 large boards in Areas A and B is compared with 
that under the nearest 18 small boards on August 
21, 1943. 


moisture 
































TaBLeE 28. The differential distribution of various 
animals with board size. 
| 
3 3 
= EI 2 | n a 
= = i. a] 3 3 
Ese ieee: 
= = 3 ee | 4s | 2 S 2 
Fd = & aa|/e¢4 a 2 a 
& — 2) SO | nO } =a ido) < 
Total number from | 
320 small boards. .| 904 74 34 10 | 28 | 258 | 366 | 9488 
Total number from | 
80 large boards...| 494 30 24 42 8 | 436 254) 1821 
Large board total cor- 
rected for periphery.) 1522 92 74 129 25 | 1343 | 782 | 5609 
Ratio: Corrected | | 
large: } | 
Small............| 1.67 | 1.24 | 2.18 [12.90 }0.89 |5.21 |2.18 0.59 
Proportion of these 
10 days when the 
corrected large | | 
board counts ex- 
ceeded the small | 
ae 7/10 | 6/10 | 6/10 | 1/8 | 3/4 |10/10 | 5/7 1/10 
P (from binomial) .. ./0.344 |0.754 |0.754 |0.07¢ [0-625 0.002 |0.453 | 0.021 
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TABLE 29. Comparison of soi? moisture under large 
and small boards, 





Coefficient of 
variation (C. V.) 


Mean “% soil 
moisture and 


| 
| S. E. | and S. E. P < 0.01 
Large boards... . . | 7.5340.17. | 9.3741.56% 
7.25+0.37 | 21.394+3.56% 


Small boards. .... | 





Although the mean percentage of soil moisture was 
about the same under large and small boards, the 
large boards were significantly less variable in this 
respect. 


DISCUSSION 


Objects such as logs and stones lying on the soil 
surface provide beneath them an available animal 
habitat with certain unique characteristics. The 
microclimate in this niche is characterized by con- 
stantly high humidity as contrasted with outside con- 
ditions, by relative absence of air movement and 
illumination, and by temperature conditions more 
stable than in the open. Fungi may grow in this 
niche and provide a food supply for certain animals 
but other plant life is essentially absent. Roots of 
growing plants, commonly present in the general 
soil habitat, are largely absent from the eryptozoic 
niche. 

The vast majority of terrestrial animals must, for 
at least a part of their lives, escape exposure to 
light and to dry air. Buckle (1923) estimates that 
95 percent of all insects pass some period of their 
life history in the soil and other groups of animals 
such as nematodes, crustacea, and molluses are typi- 
cally even less tolerant of dryness than are the in- 
sects. Thus, with respect to physical conditions, the 
cryptozoic niche provides a habitat suitable for a 
vast variety of animals. The majority of such ani- 
mals, however, are capable of burrowing in the soil 
and thus of utilizing a habitat which is much more 
extensive than the eryptozoic habitat. Such forms, 
the earthworms and pseudoscorpions are good ex- 
amples, may be found in the eryptozoie niche simply 
because conditions there are suitably dark and humid. 
To these forms the habitat beneath a board is merely 
a small portion of a habitat of considerable vertical 
and horizontal extent. The situation is different for 
forms which are poorly adapted for burrowing. Such 
forms find in the eryptozoie niche shelter conditions 
similar to those within the soil and also, because the 
burrows of the true soil fauna may enter the eryp- 
tozoie niche, avenues along which non-burrowers may 
migrate into the subterranean stratum to eseape ex- 
tremes of environmental conditions. The inability 
of these forms to penetrate solid wood largely ex- 
cludes them from the physically similar habitat in 
the interior of fallen logs although this shelter may 
become available to the eryptozoa after logs have been 
penetrated by other animals. Animals within logs 
also cannot readily migrate to depths sufficient to 








A Stupy oF THE CrYPTOZOA OF AN ILLINOIS WoopLAND 


83 


provide escape from extremes of environmental con- 
ditions such as the extreme subcortical temperatures 
which may be attained by logs exposed to the sun 


(Graham 1920, Craighead 1920). 


Although many 


eryptozoie animals can and do hibernate in deeayed 
logs, such forms as the isopod Trachelipus which 
cannot tolerate freezing may be excluded from this 
habitat by winter temperatures in a region such as 
that considered in this study. 

The eryptozoie niche then lacks the potential food 
supply of living plant material which is exploited by 
many species in the hypogeous fauna. 
as isopods, certain diplopods, and collembola which 
can utilize the general organic matter of the soil 
are better able to reside in the eryptozoie niche than 
are subterranean forms such as many ecurculionid and 
searabeid beetles which feed largely on plant roots. 
For similar reasons many wood-eating forms charac- 
teristie of the fauna of fallen timber are excluded 
from residence in the eryptozoie niche. 
requirements of the forms which are poor burrowers 
but require shelter cause them to become concen- 
trated in the eryptozoie habitat and competition for 
available space may be a factor in exeluding from 
this habitat forms which are also capable of living 


in other niches. 


Forms such 


The specifie 


In the present study well over 80 


pereent of the cryptozoie animals were very omniv- 
A few forms, mycetophilid larvae and 
the snail Retinella, utilize as food the fungi growing 
in the eryptozoie niche and a few others, such as the 
slug Deroceras and some of the ants, merely find 
shelter in this niche and forage for food in other 
habitats when environmental conditions permit. 


orous forms. 


The terrestrial 


eavernicolous fauna 


is also 


eom- 


posed largely of non-burrowering and euryphagous 
forms but they are distinguished from the eryptozoa 
primarily by their greater morphologieal modifica- 


tions. 


Its typical members exhibit some modifications 


in pigmentation and in sense organs which distin- 
guish them from related forms living outside of 
eaves (Racovitza 1907). 
the cryptozoie fauna in its lack of integration be- 
cause its members are recruited from diverse groups 
and apparently have in common only the ability to 


avoid 
eonditions on 


competition 


and 
the outside. 


and the eryptozoie fauna. 

Associated with the characteristie omnivores in the 
eryptozoie habitat are predators which, as is usual 
in any fauna (Elton 1935), are much less abundant 


than the key-industry forms. 


unfavorable 


This fauna also parallels 


environmental 


As with the hypogeous 
fauna, but for different reasons, no absolutely sharp 
line can be drawn between the cavernicolous fauna 


As has 


been shown 


quantitatively, the predators are not especially con- 
fined to the eryptozoie habitat but also prey on the 


fauna of the mineral soil and of other niches. 


The 


predators in this niche are much the same all over 
the world because they are the characteristic preda- 
tors of the soil habitat, a formation of world-wide 
distribution and, at least on a temporal basis, nearly 
world-wide continuity. 


The cosmopolitan constancy of the typical eryp- 
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tozoic fauna of omnivores reflects the fact that these 
forms are adapted to, and largely restricted to, a 
habitat which is of very general occurrence but 
which locally is always quite limited in extent. In 
these local niches the characteristic eryptozoa thrive 
and far outnumber the less restricted members of the 
hypogeous fauna which can avoid competition with 
the eryptozoa by moving a short distance horizontally 
or vertically. The eryptozoa may also spread verti- 
cally in cases where the soil has been loosened and 
mixed thus providing better aeration and distribut- 
ing organic matter to greater depths. Thompson 
(1924) found that the fauna descended more deeply 
on arable land which had been plowed and Motter’s 
1898 study of the grave fauna revealed many forms 
present at unusual depths. 

If we allow for replacements by closely related 
species, we have in the eryptozoie fauna a series 
of forms comprising an association of fairly con- 
stant composition over much of the earth. Con- 
sidering the broad aspects of this fauna we find it 
functioning as a part of various widely different 
larger biotic assemblages. The constaney of this 
fauna whether found on deserts, tropical islands, 
grasslands, or in various types of woodlands has 
already been stressed. Yet when we turn to the 
minute examination of the eryptozoa within a single 
40-aere oak-hickory forest we find a surprisng ab- 
sence of essential interrelationships between species. 
Nor is the situation clarified if we follow Forbes in 
making use of “the obvious fact that a_ biological 
association is composed of species which are more 
frequently associated with each other than they are 
with other species.” We would by this eriterion find a 
Trachelipus-Pareoblatta association if we econecen- 
trated our examination on large-sized boards on re- 
cently grazed land with short grass during dry 
periods in mid-summer but, by moving a few meters 
to collect in an area with tall grass, we would eon- 
clude that these two species avoid each other. Sev- 
eral parallel examples have been given. The con- 
spicuous members of this fauna apparently have, as 
Jacot (1940) stated, been brought together bv the 
influence of many different conditions and the pre- 
cise composition of the fauna is only maintained un- 
der a precise combination of values of various fac- 
tors. 

The evidence that the eryptozoie fauna, like hot- 
spring faunas and the fauna of human dwellings, is 
held together primarily by common habitat require- 
ments and tolerances of the constituent species sug- 
gests a qualitative distinction from such highly inte- 
grated animal communities as, for example, the 
willow-gall community described by Walsh (1864). 
In the writer’s opinion, it would be a mistake to ap- 
ply the same name, “biocenosis” or “animal ecommu- 
nity,” to the two types of species assemblages. In 
the absence of positive evidence of interspecific or- 
‘ganization it seems safest, and most conserving of 
the community concept, to refer to the eryptozoa 
as a fauna. The attempt of Harshberger (1911) 
to force the soil fauna into a sort of supraorganis- 
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mie concept has been rejected by Clements & Shel- 
ford (1939) and both Buckle (1921) and Jacot 
(1940) have commented on the apparent lack of 
biotie interrelations within the soil and litter faunas. 


SUMMARY 


1. The eryptozoie fauna is the fauna of small ter- 
restrial animals which normally live beneath stones 
and logs and in similar habitats. Exeept in spring 
and autumn this fauna is quite distinet from the true 
soil fauna and other related assemblages of animals. 
Its primary distinction seems to lie in the faet that 
most of the species inhabiting this niche are very 
omnivorous and are consequently independent of 
living vegetation. Most of the characteristie eryp- 
tozoic animals are also sensitive to drying and to 
exposure and are poorly adapted for digging. 

2. Associated with the eryptozoie omnivores is a 
predators restricted to this niche. 
These predators also prey on the fauna of the min- 
eral soil. 

3. The eryptozoie faunas of all regions for which 
information is available are strikingly similar. 

4. Boards placed on the forest floor acquired a 
typical eryptozoie fauna which was studied quanti- 
tatively. The most prominent groups of animals 
were the pulmonate gastropods, one species of ter- 
restrial isopod, spiders, centipedes, diplopods, eol- 
lembola, crickets, roaches, beetles, and ants. The 
particular species encountered tend to show close 
affinities with those which inhabit this niche in other 


regions. 


series of less 


5. The majority of the eryptozoie species reached 
their maximum abundance in the portion of the 
woods which had longest been protected from graz- 
ing by cattle and some evidence suggests that this 
was largely an association with relatively humid soil. 
A few animals, notably the orthopterans, were more 
abundant in the drier grazed portion of the woods. 
Some species were found to be associated with speci- 
fie and very local conditions such as height of grass. 

6. The eryptozoie fauna as a whole tended to reach 
a maximum in terms of abundance in the wet weather 
of early autumn although some species were excep- 
tions. The faunal picture changed radically in late 
autumn when many of the characteristic species left 
the eryptozoic niche through vertical or horizontal 
migration and many species typical of other niches 
moved under the boards to hibernate or oviposit. 

7. The spiders were the only animals to show a 
random distribution of individuals under the boards. 
All of the other forms abundant enough for analvsis 
exhibited contagious distributions showing a_tend- 
ency to form aggregations. This aggregating tend- 
ency in many cases appears to result from tenden- 
cies inherent within the individual animals. Statisti- 
eal studies of this fauna are complicated by the oc- 
currence of these non-random distributions. A _ sta- 
tistie, the Charlier coefficient of disturbance, was 
found to be satisfactory as an index of intensity of 
the aggregation tendeney and, in the ease of the 
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isopods, values of the Charlier coefficient were found 
to be significantly affected by changes in air tem- 
perature. It is suggested that more observations of 
this type may prove useful in animal census studies 
at least to aid the investigator in determining the 
most favorable time to conduct a census. 

8. No constant or essential interspecific relation- 


ships were detected in the eryptozoie fauna. In all 
eases where species were significantly associated 


with each other the apparent association could be 
shown to be due to sample heterogeneity. There is 
great danger of confounding the effects of sample 
heterogeneity with biotic interrelationships whenever 
joint occurrence data are used in defining an animal 
association. 

9. It is shown that weather conditions influence the 
numbers of animals found in the eryptozoie habitat 
but the specific meteorological factors have been iden- 
tified in only a few instances. Of the factors in- 
vestigated, soil moisture conditions exerted the great- 
est effect on the fauna. 

10. The eryptozoie fauna can be best understood 
when considered as an assemblage of animals 
brought together by similar responses to, or similar 
tolerations for, conditions of the physical environ- 
ment. Interspecifie integration among the eryptozoa 
is very inferior to that found in other species as- 
semblages which have been referred to as animal 
communities or biocenoses and the writer has, ae- 
cordingly, avoided such terminology. 


LITERATURE CITED 


Abbott, C. H. 1918. Reactions of land isopods to light. 
Jour. Exp. Zool. 27: 193-246. 

Adams, C. C. 1915. An outline of the relations of ani- 
mals to their inland environments. Bull. Ill. State 
Lab. Nat. Hist. If: 1-32. 
1915a. An ecological study of prairie and forest in- 
vertebrates. Bull. Ill. State Lab. Nat. Hist. Il: 33- 
280, 

Allee, W. C. 1926. Studies in animal aggregations. 
Causes and effects of bunching in land isopods. Jour. 
Exp. Zool. 45: 255-277. 

1931. Animal aggregations, A study in general soci- 
ology. Univ. of Chicago Press. Chicago. 
1938. The social life of animals. Norton, N. Y. 

Anderson, F. W., & Falk, P. 1935. Observations on the 
ecology of the central desert of Iceland. Jour. Ecol. 
23: 406-421. 

Beall, G. 1935. Study of arthropod populations by the 
method of sweeping. Ecol. 16: 216-225. 

1940. The fit and significance of contagious distribu- 
tions when applied to observations on larval insects. 
Ecol. 21: 460-474. 

Blake, I. H. 1926. 
munities of coniferous and 
Biol. Mon. 10: 371-520. 


A comparison of the animal com- 
deciduous forests.  IIl. 


1931. Further studies on deciduous forest animal 
communities. Ecol. 12: 508-527. 
Blatchley, W. S. 1920. Orthoptera of northeastern 
America. Indianapolis. 





A Stupy or THE CryptTozoa OF AN ILLINOIS WoopLAND 85 


Bornebusch. C. H. 1930. The fauna of forest soil. Forstl. 
Forsogav. Danmark. II: 1-224. 

Brodsky, A., & Brodsky, K. 1927. Untersuchungen iiber 
die Bodenfauna Mittel-Asien. I. Die Bodenfauna in 
Tale des Flusses Murgab. Bull. Inst. Pedol. et Geobot. 
de L’Univ. de Asie Centrale. Taschkent. 3: 165-166. 

Brooks, J. L. 1942. 
currence in America of the myrmecophilous sowbug 
Platyarthus hoffmanseggi Brandt. Ecol. 23: 427-437. 


Notes on the ecology and the oe- 


Buckle, P. 1921. A preliminary survey of the soil 
fauna of agricultural land. Ann. Appl. Biol. 8: 135- 
145. 

1923. On the ecology of soil inseets on agricultural 


Il: 93-102. 
Methods for expressing the asso- 
ciations of different species. Ecol. 3: 163-165. 
Carpenter, J. R. 1939. Recent Russian work on com- 
munity ecology. Jour. An. Eeol. 8: 354-386. 


land. Jour. Eeol. 


Calvert, P. P. 1922. 


Carrick, R. 1942. The grey field slug Agriolimax 
agrestis L. and its environment. Ann, Appl. Biol. 
29: 43-55. 


Chamberlin, R. V. 


Galapagos Islands. 


1913. Notes on Chilopoda from the 
Ent. News. 24: 121-122. 


Clements, F. E., & Shelford, V. E. 1939. Bio-ecology. 
ee es 
Cole, L. C. 1945. A simple test of the hypothesis that 


alternative events are equally probable. Ecol. 26: 


202-205. 

Craighead, F. C. 1920. 
forest insect control. 
108. 


Direct sunlight as a factor in 
Proc. Ent. Soe. Wash. 22: 106- 


Dammerman, K. W. 1925. 
of the tropical soil and 
(Buitenzorg) 6: 107-139. 


First contribution to a study 
surface fauna. Treubia 


1937. Second contribution to a study of the tropical 
soil and surface fauna. Treubia 16: 121-147. 

Davies, W. M. 1928. The effect of variation in relative 
humidity on certain species of collembola. Jour. Exp. 
Biol. 6: 79-86. 

Dendy, A. 1895. The eryptozoie fauna of Australasia. 
Rept. sixth. meeting Aust. Assn. Adv. Sei. 6: 99-119. 

Diem, K. 1903. Untersuchungen itiber die Bodenfauna 
in den Alpen. Jahrbuch der St. Gallischen Naturwiss. 
Gesell (1901-1902): 234-414. 


Dogel, V. 1924. Cuantitative studies on terrestrial 
fauna. Rev. Zool. Russe 4: 148-154. 

Elton, C. 1935. Animal ecology. N. Y. 

Fisher, Arne. 1922. The mathematical theory of proba- 
bilities. N. Y. 

Fisher. R. A. 1941. Statistical methods for research 
workers, Sth ed. Edinburgh. 


Folsom, J. W. 1923. Economie importance of collem- 
bola. Jour. Econ. Ent. 26: 934-939. 

Forbes, S. A. 1907. On the local distribution of cer- 
tain Illinois fishes. An essay in statistical ecology. 
Bull. Ill. State Lab. Nat. Hist. 7: 273-303. 

Ford, J. 1937. 
collembola and acarina. 

Gause, G. F. 1936. Principles of biocenology. 
Rey. Biol. Il: 320-338. 

Grahan, S. A. 
temperature of 
Minn.: 26-42. 


Fluctuations in natural populations of 
Jour. An. Ecol. 6: 98-111. 


Quart. 


1920. Factors influencing the subcortical 
logs. 18th Rept. State Entom. of 





26 Lamont C. CoLe 


Grimmet, R. E. R. 1926. Forest-floor covering and its 
life. Trans. and Proc. N. Z. Inst. 56: 423-440. 

Gunn, L. C. 1937. The humidity reactions of the wood- 
louse Porecellio scaber (latreille). Jour. Exp. Biol. 
14: 178-186. 

Hamilton, C. C. 1917. The behavior of some soil in- 
sects in gradients of evaporating power of air, carbon 
dioxide, and ammonia. Biol. Bull, 32: 159-182. 

Handschin, E. 1925. Beitrige zur Collemolenfauna der 
Sundainseln. Treubia. 6: 225-270. 

Harshberger, J. W. 1911. The soil a 
Science 33: 741-744. 

Hayes, W. P. 1927. Prairie insects. Ecol. 8: 238-250. 

Jackson, C. H. N. 1939. Analysis of an animal popu- 
lation. Jour. An. Ecol. 8: 238-246. 

Jacot, A. P. 1940. The fauna of the soil. Quart. Rev. 
Biol. 15: 28-58. 

Lindroth, C. H. 1931. Die Insectenfauna Islands und 
ihre Probleme. Zool. Bidrag. Fran Uppsala, 13: 105- 
559. 

Lipka, J. 1918. Graphical and mechanical computation. 
J. Wiley. N. Y. 

Lowrie, D. C. 1942. The ecology of the spiders of the 
xeric dunelands in the Chicago area. Bull. Chicago 
Acad, Sci. 6: 161-189. 

Lubbock, J. 1873. Monograph of the collembola and 
thysanura. Ray Soc. London. 

Macnamara, C. 1919. Remarks on collembola. 
Ent. 51: 78-80; 241-245; 265-271. 
1924. The Canad. 
105. 

Michael, E. L. 1920. Marine ecology and the coefficient 
of association; a plea in behalf of quantitative 
biology. Jour. Ecol. 8: 54-59. 

Miles, H. W., Wood, J., & Thomas, I. 1931. On the 
ecology and control of slugs. Ann. Appl. Biol. 18: 
370-400. 

Miller, E. C. 1931. 

Miller, M. A. 1938. Comparative ecological studies on 
the terrestrial isopod Crustacea of the San Francisco 
Bay region. U. of Cal. Pub. Zool. 438: 113-141. 

Mills, H. B. 1934. A monograph of the collembola of 
Iowa. Ames, Iowa. 

Motter, M. G. 1898. A contribution to the study of the 
fauna of the grave. A study of one hundred and fifty 
disinterments with some additional experimental ob- 

Jour. N. Y. Ent. Soe. 6: 201-231. 

Neyman, J. 1939. On a new class of contagious dis- 
tributions applicable in entomology and bacteriology. 
Ann. Math. Stat. 10: 35-57. 

Olson, H. W. 1928. The earthworms of Ohio. 
Biol. Surv. Bull. 17: 47-90. 

Pearse, A. S. 1943. Effects of burning-over and raking- 
off litter on certain soil animals in the Duke forest. 
Am. Mid. Nat. 29: 406-424. 

1914. Tables for statisticians and Liome- 


living thing. 


Canad. 


food of collembola. Ent. 56: 99- 


Plant physiology. 4th ed. N. Y. 


servations. 


Ohio 


Pearson, K. 
tricians. Cambridge. 

Pfetten, J. F. 1925. Beitrage zur Kenntnis der Fauna 
der Waldstreau. Fichtenstreau-untersuchungen, Zeit. 
f. Angew. Ent. Il: 36-54. 

Pillai, S. K. 1922. Beitrage zur Kenntnis der Fauna 
der Waldstreau. Kiefernstreu-untersuchungen. Zeit. 
f, Angew. Ent. 8: 1-30. 


Ecological Monographs 
Vol. 16, No.1 


Recherches sur la probabilité des 
Paris. 


Poisson, S. D. 1837. 
jugements en matiéres criminelles. 

Polya, G. 1931. 
probabilités. 
162. 

Racovitza, E. G. 1907. Essai surles problémes bios 
pCologiques, Arc). Zool. Expér. et Générale. Serie IV, 
6: 371-488. 

Richards, 0. W. 1926. Studies on the ecology of Eng- 
lish heaths ILL. Animal communities of the felling and 
burn successions at Oxshott heath, Surrey. Jour. Ecol. 
14: 244-281, 

Savely, H. E. 1939. Ecological relations of certain ani- 
mals in dead pine and oak logs. Ecol. Monog. 9: 321- 
385. ‘ 

Shelford, V. E. 1913. The reactions of certain animals 
to gradients of evaporating power of air. Biol, Bull. 
25: 79-120. 
1913a. Animal 
Univ. of Chicago. 
1915. Principles and problems of ecology as _ illus- 
trated by animals. Jour. Ecol, 3: 1-23. 

Snedecor, G. W. 1938. Statistical methods applied to 
experiments in agriculture and biology. Ames. Iowa. 

Student. 1907. On the error of counting with a haemo- 
cytometer. Biometrika. 5: 351-355. 

Svedberg, The. 1922. Ett Bidrag till de statistiska 
metiodernas anvandning inom vaxtbiologien. Svensk 

Tidskrift. 16: 1-8. 

Talbot, M. 1934. Distribution of ant species in the 
Chicago region with reference to ecological factors 
and physiological toleration. Ecol. 15: 416-439. 

Theobald, F. V. 1905. Injurious and beneficial slugs 
and snails. Jour. Board Ag. Gt. Brit. Il: 594-602. 

Thompson, M. 1924. The soil population. An investi- 
gation of the biology of the soil in certain districts 
of Aberystwyth. Ann. Appl. Biol. Il: 349-394. 

Volz, P. 1934. Untersuchungen iiber Mikroschichtung 
der Fauna von Waldboden. Jahrv. Abt. Syst. Oek. 
Geog. Tiere. 66: 153-290. 

Waksman, S. A. 1932. Principles of soil microbiology. 
2nd ed. Baltimore. 

Waloff, N. 1941. The mechanisms of humidity reactions 
of terrestrial isopods. Jour. Exp. Biol. 18: 8-135. 
Walsh, B. D. 1864. On the insects, coleopterous, hyme- 

nopterous, and dipterous, inhabiting the galls of cer- 

Part 1—Diptera. Proc. Ent. 


Sur quelques points de la théorie des. 
Ann, de I'Inst. Henri Poincaré, 1: 117- 


communities in temperate America. 


Botanisch 


tain species of willows. 
Soc. Phil. 3: 543-644, 

Weaver, J. F., & Clements, F. E. 1938. Plant ecology. 
2nd ed. N. Y. 

Weese, A. O. 1924. Animal ecology of an Illinois elm- 
maple forest. Ill. Biol. Mon. 9: 351-437. 

Wheeler, W. M. 1913. Ants, their structure, develop- 
ment, and behavior. N. Y. 

Whitaker, L. 1914. On the Poisson law of small num- 
bers. Biometrika. 10: 36-71. 

Willey, A. 1911. Convergence in evolution. London. 

Williams, E. C. 1941. An ecological study of the floor 
fauna of the Panama rain forest. Bull. Chicago Acad. 
Sci. 6: 63-124. 

Williams, 0. L. 1934. Some factors limiting the dis- 
tribution of termites. In “Termites and termite con- 
trol.” 2nd ed. Edited by C. A. Kofoid. Berkeley. 

Yule, G. U., & Kendall, M. G. 1940. An introduction 
to the theory of statistics. 12th ed. London. 








ery 


